WD 03/ 074421 PCT/JP03/02154 - 1 DESCRIPTION TITANCSI LI CATE, PROCESS FOR
PRODUCI NG Tl TANGCSI LI CATE, PROCESS FOR PRODUCI NG OXI DI ZED COVPOUND USI NG 5
Tl TANCSI LWGOA3@B744Thi s Application clainms the priority of amCTapgd/i2¢si on
based on U S. Application Serial No. 60/:363554 (filed on March 12, 2002).
10 Technical Field The present invention relates to a titanosilicate, a
process for producing the titanosilicate, and a process for producing an
oxi di zed conpound using the 15 titarmE3dRI™ITON More specifically, the
present invention relates to a titanosilicate characterized in that in the
infrared spectruntneasured in the dehydrated state, the spectrunt has an

absor pti on bandC1EANGRI AL GATERL | RROGESS MR \BRABIG ) ARA al so
relates to a procesPsR(j% é)r%?%[}é#% td}gﬁ%ﬁlﬁtﬁ@@[}@g%gmocess for
produci ng an oxi di ackground Art 25

Gener al Py, "zeolite" has been | ongIATHNAEEILECAEEM of crystalline porous
alum nosilicates and these are (Si O4)4- and (A104)5- having tetrahedral
structures as the basic unjts of the structure. However, in recent years,

it has been clariFied APRt1GALIOR G A ESH R iRFLOF L ERaPbgdls to 30 Zzeolite
i's present i ragshiafatidy t@ae@tesmstmte asapil 168 fiophosehas . Ndnt er nat i onal

Zeolite Assoc te ly,r ed to as "I ZA") descri bes
the definiti O%@}%é’%é% Jef?%t % I% cgﬁ) %Zebﬁ‘ltfdﬁét ructure Types, 5th
editioAdl 35 edited by W Meier, D.H Mier, D.H dson and Ch. Baerlocher,

El sevier (20 gggaéz Docunment 1) (hereinafter sinply referred to as
(Egcéng 0%?%%

"Atlas"). Accor 4421 PCT/JP03/02154 2 to. this definition,
subst ances ot her tTie RFeseMosinyeRtson relates to a titanosilicate, a

process for producing the titanosilicate, and a process
for producing an oxidized compound using the
15 titanosilicate.
More specifically, the present invention relates to
a titanosilicate characterized in that in the infrared
spectrum measured in the dehydrated state, the spectrum
has an absorption band having a relative maximum value at
20 93015 cm™, and also relates to a process for producing
the titanosilicate, and a process for producing an

oxidized compound using the titanosilicate.

Background Art

25 Generally, "zeolite" has been long a generic term of
crystalline porous aluminosilicates and these are (8io)*"
and (Al0,)® having tetrahedral structures as the basic
units of the structure. However, in recent years, it has
been clarified that a structure peculiar or analogous to

30 zeolite is present in other many oxides such as
aluminophosphate.

International Zeolite Association (hereinafter
simply referred to as "IZA") describes the definition of
zeolite in Atlas of Zeolite Structure Types, 5th edition,

35 edited by W. Meier, D.H. Meier, D.H. Olson and Ch.
Baerlocher, Elsevier (2001) (Non-Patent Document 1)
(hereinafter simply referred to as "Atlas"). According




having a simlar structure are dealt with as an objective substance of

whi ch structure is to be specified, and these are called a zeolite-Ilike
mat eri al .wb 03hedddet ai | s of the history thereof are parti cwlcarnPgs/od&scri bed
in Yoshio Ono and Tateaki Yajima (conpiless), Zeolite no Kagaku to Kogaku
(Sci ence and Engi neering of Zeolite), pp. 1-13, published by Kodansha
(July 10, 2000) (Non-Patent Docunent 2). 10 The definition of "zeolite" as
used in the ptesehis Héﬁﬁﬁih@ﬁniSsbhsedn@@stBEhdeftﬁhhiamudeaoshb&dak@ t he
above Yoshio 5ho.and Tateagi YaLina é ng ersé tZeo no ﬁg %.t%
Kogaku (Sci ent@Vald Bngihesrfng orcy 153 pt ¥if a5u8P|§ &5y
Kodansha (Jul yuk8ta2080pfwhbiehlstzeotute iactadbe epécmﬁhydalandnosilicate
but al so thos % | 9g u e 1_as titanosilicate. In
t he present |§V%%§|%gg 891 ggc u?gg%gé fiﬁéoggﬁggga?ﬁree al phabeti cal
capital detters deTheedetaehsthé thanb$Sb©rstahaaedfsab§t@ﬂ@@QCMMaﬂLM |y

used for the i egt u r 0 : I d for
t he structureag?egg%é?teﬁ ¥ ?ggéngﬁédgégt %Egaggcggg @X #%éﬂ lgg%gﬁd t hose
approved in t B804 ' dr togKpgakis (Sehenpgr andpEagdngexdng o

i ndi cated speg et)waéby p§5 nh@3" abufnlm@ﬁéal sgtg daﬁdhat i(tbangsiilo, cato®0 as
used in the g&eseg ¥eBt|on a%e not limted at all on the dlfference
PR fﬁ né)or

such as cryst JSHAre por ous/ non- porous and i ncl ude
"aluniﬁdsiIicates"Theddefﬁhﬁamoslbfcateslite"abb pseperin ¢ehe JreBrmt

ol ecul ar T ex65n850HSed bRSERCORr £88NLock AYERLEONCLS 3, BbSLANGR havi ng

an activity, O eration or unct ron of Sreving nol ecu e sl ze and
i ncl udes zeokBppEe ThsblpsOﬂ@s@ndb@étEﬁkdeﬁaDnmﬁn(@Mmpyiﬂnﬁﬁ, Giewldrtepf

Hyoj un KagakUnXOEQ Akheﬂo(ﬁb §§ér sEQén§éaQHaf§n n%@&ﬂﬁl Qi91zéayﬂ%é ed by
Ni ppon Kagaku

Recent |y, varPBusisﬁédl§§bﬁa§§e€eéﬁ ﬁﬁéénéhatﬁéuﬁm G@ho?@@@ﬁ P@W¥§P03/02154
- 3 oxixlationebeaeki 8Acotidas apgaBhtycaMmAEAdsUSiikGt® but also those

having an analogous structure, such as titanosilicate.

In the present invention, a structure code composed
of three alphabetical capital letters derived from the
names of standard substances initially used for the

20 clarification of structure, approved by IZA, is used for
the structure of zeolite. This includes those recorded
in Atlas and those approved in the fifth and later
editions.

Further, unless otherwise indicated specifically,

25 the "aluminosilicate" and "titanosilicate" as used in the
present invention are not limited at-all on the
difference such as crystalline/non-crystalline or
porous/non-porous and include "aluminosilicates" and
"titanosilicates" in all properties.

30 The "molecular sieve" as used in the present
invention is a substance having an activity, operation or
function of sieving molecules by the size and includes
zeolite. This is described in detail in "Molecular
Sieve" of Hyoijun Kagaku Yogo Jiten (Glossary for Standard

35 Chemistry), compiled by Nippon Kagaku Kai, Maruzen (March
30, 1991) (Non-Patent Document 3).

Recently, various studies have been made on the




titanosilicate, which is one of zeolites, as the catalyst and a peroxide
as the oxidizing agent. Anong titanosilicates, TS-1 as one of crystalline
5 titanoswbiosat431is used in various reactions after the PEyAPIRRISt et hod
thereof is disclosed in U S. Patent 4,413, 501 (Patent Docunent 1) and TS-1
is found to exhibit an activity in oxidation reactions using various

peroxi des. Specific exanples thereof include a nethod 10 disclosed in JP-B
("exam ned Japaicsdipat ereac pu iafataimrmr)gaﬁlﬁob&n@?aﬂmttus[hﬁprmnt 2) where
TS-1is wusedg t al,yst paxi dati o noleflnc ound usmg
hydr ogen per o;(Cl ga%%%lcl%c?rtedmv}gﬂcglr g% @eas?q:t %e omedS Z|ahsg Q‘b n?ateijsy
structure codé@ngf aTSequsldﬁ:Iassmmel @iyl itzd ngSegentwhi dmdrsy a r epr esent atl ve

synihetic zeokditanoand hagdn @Voeh WhdTISeL g g, the [nfrared

absorpti spectrum of TS-1 neasured in the de ated state, an
absor pt i n barrd Sﬁx;}lé:af’fésathsvélsﬁélxﬂmjmamﬁ% éteag’GUOZ(ﬁ @htier sthser ved.

The pore sizesiyathelsdld vRlthoHeraRdd i@ étl%ralwséaest% aﬁds”lee[&:ﬁr?te the
ol efin conpougdé&% %@1 can .be epoxi di zed limted Furt er, since the
tl

di f fusi on rat | &Y 0 MPGHE s 16? PSS risiv TSI into the
i nside of poreshdfdtt ke audtfilviwyr dire cofi d2k itdre rmamﬁi&insapmmgwm@imds from

pores are |ow, isndust rd_al uff t ctl cli Vv ty can be har dl y
obt ai ned. I\/bre)e%md%% nsl’-peaeéel}nél%g r}geagna%’l%g’n to e eJ‘pnoc d %s pl ace

in the p? oductdlelsdwe@omwr?dB d¢ examiesd tJaptamessaelp@dtenMy
di sadvant ageo%lbnl@@q:rl%q)sqs_q_%%z@itpgeceqltth%ro n)e V\{g%%pnrfxia nj ned

Japanese patent publlcatlon 2649 (Patent scloses a

met hod of epok‘tsﬁélt 2%y e & ]tYS@oﬁﬂomx tﬁg?fh%fryaé’teﬂleﬁ@ compound

titani um cont aisiingg h@ﬂatlx@zgténar SRV RAVINY & SlUC e sida | & {19
al um numfree ze lit.e beta 35 (structure code:” *BEA) as the catalyst and

usi ng hydrogeﬁ EPIXITE G San organi ¢ peroxide as the oxidizing agent. On
the inftared absor Fhieors tspestumemcaidea o Y-l Iﬂmmﬂﬂ)%ﬂ?&bﬂ@i to ZSM-5

PCT/ JPO3/ 02156 141 tiist aN UB QUG WG AL SoMa Navidig 8,8 rysture
oxygen lO-membered ring. On the infrared absorption
spectrum of TS-1 measured in the dehydrated state, an
absorption band having a relative maximum value at 960

20 cm™ is observed. The pore size is relatively small and
0.5 nm or less and therefore, the olefin compound which
can be epoxidized is limited. Further, since the
diffusion rate of the olefin compound as a reaction raw
material into the inside of pores and the outflow rate of

25 the product epoxy compound from pores are low, an
industrially sufficient reaction activity can be hardly
obtained. Moreover, a ring-opening reaction of the epoxy
group takes place in the product epoxy compound, as a
result, the selectivity disadvantageously decreases.

30 On the other hand, JP-A ("non-examined Japanese
patent publication")-7-242649 (Patent Document 3)
discloses a method of epoxidating an olefin compound
using a crystalline titanium-containing molecular sieve
having a structure similar to aluminum-free zeolite beta

35 (structure code: *BEA) as the catalyst and using hydrogen
peroxide or an organic peroxide as the oxidizing agent.

On the infrared absorption spectrum of a crystalline



simlar to alumnumfree zeolite beta neasured in the dehydrated state, an
absorption band having a relative nmaxinmumvalue at 960 cm is observed. 5
*BEA has woOloagg2pore size as conpared with the structurecCegdes/dgis4 of TS 1
and therefore, is expected to provide angetfect of, for exanple, enabling
a reaction of a conmpound having sterically high bul kiness or increasing
the diffusion rate and thereby inproving the reaction 10 rate. Actually,

t he above- destitBaduparentapabhgcabilenuldrsslieseshaniagaapkeruwbeneea

compound i ncapahh ¢f tof eaehi AINDY 15" Jo620, BepaXL Al aed, Haueyer this
oxi dation reaction is disadvantageous in tha €° conversron of "6xi di zi ng
agent is |ow fARhYAE2E8desERtasi A 2Bshydtbgenbpadokaténgsat helekitezi ng

agent for themagpR¥ddbial AEaGEHOBNaENdsSLBEGrFeki,NY- OPENi ng reaction of
epoxi de takes place_to Rroduce glycol, the selectivity decreases.

Further,> the nol eCBFar N8fedelatatr PRER Fhzet ARt CcpaPaRedpybERcEBRON is hi gh
in the activityrdftdeer eadengrrabe, T5N106A8T tWekdSorehoil bRpbBeegatal ytic
life and there{,gred must gﬁ rgpegte?l¥ sub%e ted to i, regeneratlon
treatment on great-ocBasPOrECENATr hi 8% sEXABR € aseRaPALRE BbERAEFEOR0Ofhe

i npl ement ati oA ¢ampaungntesingaktecatell@5hOght baletihesshapdintprebedant
years, a synt el LLe i a ructure code different from M
and *BEA is a??%ag%Fﬁggg%Bafgg%tgg%.tﬁ%gg%YOaﬁEFPXﬁngp SeggaFﬁéPEOf is

di scl 0o3éd, foFakRanphetuphlyp- phe3abogg2des¢Pabedt pPbenteptbd)cas8ioRurt her,

in Peng Wi, TakashbsZat aHnbyangd1 akayrki 58§gé§yﬁaghgﬁkékp¥ betters, 774

(2000) (Non-Patent, Docunent 4), it 1S repor cl'ohexene oxi de
can be produt®A°hyRBrBduEPng G2Br y&t arifhget t aHeWPVREat 8higont ai ning a

titani um at onokhdabeoar yehatishr ust 4i 8a@hdn8aghavkngnatahtughdre code MAWV
and oxi di zi ng xene_ usi n,_peroxi de,and. usi ng the obtai ned

crystal line t??éﬁ%g? PEaPE 3§l€%59§g{§8§§F.lﬁh{%%e19[f5§/5? §o9t using

PCT/ JPG3 02158ydsogenf paredidbsaspthenospéttinm afehheforyshal | i ne
epoxidation reaction and since a ring-opening reaction of
epoxide takes place to produce glycol, the selectivity
decreases. Further, the molecular sieve described in
that patent publication is high in the activity

20 decreasing rate, in other words, short in the catalytic
life and therefore, must be repeatedly subjected to a
regeneration treatment on great occasions and this stands
as a large obstacle to the implementation in an
industrial scale.

25 On the other hand, in recent years, a synthetic
zeolite having a structure code MWW different from MFI
and *BEA is attracting an attention. The production
process thereof is disclosed, for example, in JP-A-63-
297210 (Patent Document 4),

30 Further, in Peng Wu, Takashi Tatsumi and Takayuki
Komatsu, Chemistry Letters, 774 (2000) (Non-Patent

Document 4), it is reported that a cyclohexene oxide can

be produced by producing a crystalline titanosilicate
containing a titanium atom in the crystal structure and
35 having a structure code MWW and oxidizing cyclohexene
' using hydrogen peroxide and using the obtained
crystalline titanosilicate as the catalyst. On the



titanosilicate containing a titaniumatomin the crystal structure and
havi ng a structure code MWV neasured in the dehydrated state, an

absor pt i owOatwdbavi ng a rel ati ve 5 maxi num val ue at 960 ecir/JPes/@bser ved.
However, the yield of the objective is nots sufficiently high, both epoxide
and diol are produced in a fairly large amount, failing in exhibiting a
tendency of selectively giving either one conmpound, and therefore, 10 this
t echni que has 8 {53315 e AbsoT B tridus tarieglt nngre o fAT heucdry salatindmgh var i ous

proposal s have jhegbdmde 1N ddig 4 i9as i0n i on.of, an qQhefin conpound
using a titangsilicate aiis t he ,céat algg% aa%&t%%%ypo%t%én gLsn ?‘ﬁ% c&’isg‘l i ng
agent, the teSHHYILSS &G dBi@g @ istdustiure cote MW medsamed Ha dhef i n

conpound to whistlydanitedl $03088 dne GYGIYRS SFAB ARG %rapﬂiklgd ol $MEAyd M ted.
A techni gue hpdustrlall aegglc%ble_;q many ol efin conpounds 1s not yet
found. (Patent alﬁ%ﬁ’ta%e 9905 cMpatightoEerMeB01  (Pat ent Docunent  2)

JP- B- 4-5028 ( Pat etfowBwveunerthed) i el AF7+242643 2% iGRAti@Nt Pocunent 4)

JP- A- 63-29721 ( - Pat .Document 1) Atlas of Zeolite Structure Types,
5th edition e Pfgggqﬁﬁ%%%nkéggv,%%ﬁh. wordde png doRrgn@refucssedifocher ,
30 El sevier (206B)r{od-aRgteermobatymeEat 12hgYdshieaxh®®d tand Fateakients) i M
(conpilers), Zgolgt 1V u. (Sci ence and Engi_ neering of
Zeolite:g@j1 pubILgﬁégcgg?ﬁgggﬁéﬁék%bEﬁ%%%6, f@oﬁfmfguP%Onﬁggtg rﬁ%@ﬁﬁhnt 3)
Hyoj un ¥agaku BPd§o techad que desary prevlsmaridar dndGsemisilr yse.conmpi | ed by

Ni ppon Kagaku Kai, aMaksuzen @N&h@hgwov%%&96%4%%OBSE%{BO%égélﬁéen'ﬁ%de30’

1991 . . .
) on the oxidation reaction of an olefin compound using a

titanosilicate as the catalyst and a peroxide as the
oxidizing agent, the technique practicable in industry is

15 limited and the olefin compound to which any of these
techniques can be applied is very limited. A technique
industrially applicable to many olefin compounds is not
yet found.

(Patent Document 1)

20 U.S. Patent 4,410,501

(Patent Document 2)

JP-B-4-5028

(Patent Document 3)

JP-A-7-242649

25 (Patent Document 4)

JP-A-63-297210

(Non-Patent Document 1)

Atlas of Zeolite Structure Types, 5th edition edited
by W. Meier, D.H. Meier, D.H. Olson and Ch. Baerlocher,

30 Elsevier (2001)

(Non-Patent Document 2)

Yoshio Ono and Tateaki Yajima (compilers), Zeolite
no Kagaku to Kogaku (Science and Engineering of Zeolite),
published by Kodansha (July 10, 2000) ‘

35 (Non-Patent Document 3)

Hyojun Kagaku Yogo Jiten (Glossary for Standard

Chemistry), compiled by Nippon Kagaku Kai, Maruzen (March



(Non- Pat ent Docunent 4) Peng Wi, Takashi Tatsum and Takayuki Komat su,

Chem stry Letters, 774 (2000) 5 Disclosure of Invention An object of the
present iwWOeabi4@nl is to provide a titanosilicate usabl e @€TAPeaR2a$4yst in
an oxidation reaction, a process for prodgucing the titanosilicate, and 10
a process for producing an oxidized conpound by an oxidation reaction
using the titanosilicate. As a result of earnest study, the present
inventors hav@:féd8fd)that a titanosilicate having an infrared absorption
spectrum neasur ed kNohh@a@6ﬂ¥db%E%ﬁe%Eahz such 15 that the absorption
spectrum has an absorption b havi n relati ve maxi num val ue at 93015
cm1l acts effecti &Ry ygrtﬁéké§P&I?§F5Pﬁlaﬁn§xﬂééﬁwéhlrEamﬁﬁéﬁrand
provides an i ghendedroxidizedsconpaundoviotyh high selectivity. The present
|nvent|qg has been acconplished 20 based on this discovery. Mre
specifically, the present invention (l) is a titanosilicate represented by
t he fol |l ow ngDdsrposutreondl Infrenktiba (1), wherein in the infrared
absorption spectru e t he _dehydrat ed tate the absor.ption
spectrum 25 has anﬂgbgggg?%oﬁfbgﬁﬁ ﬁ59ﬁﬁég lP¥F§ 0B AfxFRURFOELGE &t

93015 cm 1: Cbmpéspsnémaatéouﬁabée(aﬁ axTrEBly6t- xh ShOBxfdhedienn x is from
0.0001 to 0.2 e pr n t i roduci ng
the ti tanosi | Feare of 't RePorGsnt ‘PavBaPrss hp Fnd BiBRERs 1 TeasROoHE

i nvent i Yh (IIP)PF§C§S§ré@és?roﬂéﬁlpgoéncPﬁgdaﬁedxpém@eéndohwoand wher ei n

an oxidation o3%dneashi eBagtidn a%qaal@h@OQEQHHQShilesEEOV"Ed using an
oxi di zing agent in_the gres nce of the tltan03|llcate of the present

invention (). W0 08/ 87488% FC?FJP@§P6§T5§ uﬁyfTﬁéepPé§éﬁPt|HPEﬁPﬁ@ﬁS
conpri ses, fohaerafiphed thet a titanosilicate having an infrared

absorption spectrum measured in the dehydrated state such
15 that the absorption spectrum has an absorption band

having a relative maximum value at 930%15 cm™® acts

effectively as the catalyst in an oxidation reaction and

provides an intended oxidized compound with high

selectivity. The present invention has been accomplished
20 based on this discovery.

More specifically, the present invention (I) is a
titanosilicate represented by the following compositional
formula (1), wherein in the infrared absorption spectrum
measured in the dehydrated state, the absorption spectrum

25 has an absorption band having a relative maximum value at
930£15 cm™ ‘

Compositional Formula (1)

xTi0,* (1-x)S1i0,
(wherein x is from 0.0001 to 0.2).
30 The present invention (II) is a process for
producing the titanosilicate of the present invention
(I).

Further, the present invention (III) is a process

for producing an oxidized compound, wherein an oxidation

35 reaction of an organic compound is performed using an
oxidizing agent in the presence of the titanosilicate of
the present invention (I).



followng matters. [1] Atitanosilicate represented by the foll ow ng
conpositional fornmula (1), wherein in the infrared 5 absorption spectrum
nmeasur ed Wo osheiedehydrated state, the absorption spectrumChaBx02154
absorption band having a relative nmaxi nmunyval ue at 93015 cm1:

[ Conpositional Formula (1) xTi02 (1-x) Si02 10 (wherein x is from0.0001
to 0.2). [2] The titanosilicate according to [1], wherein in the infrared
absor ption spectrunfieaRigeent niavent Hehyechrpreises ator tdwanplat este val ue
in the region 831180019 €hads of the absorption spectrumis present in the
15 regi on of 93015 cgwl. [3], The titanosilicate according to [2], wherein
in the infrared abkolpth ont sPRs s aEasiRRIEINESR PYicthrirfnlsbwing e, the

greatest val ueconpddiet 1@ 0Nt Ofmu 00 OP0 wHade 0 e bsoyptd .y spectrumis
present kn the regi on of 93010 cm 1. [4] The titanosilicate according

20 1
to any o'ge of *RIGRETG N SR CT W IRATHE S the tha raphuralest ftate  spRet rum
rrEasured i nbt heeb sttetyytdir ot exbesdtatien Hawe a’:lb%i&ﬂ;ﬁf&oﬁ&%ﬁd WHR ey a
absorption ba j i.ve nmaxi S val ue at 101015 cm in
addition to 93rlgel]’ghqééin‘{§.r€a[){51]%%ev ejil%eanaoﬂqgogialt% “tcbrding to any one of [1]-
[4], wherein in thel Gonpcs i ermslorinmonlspelck rum measured in the
dehydrated state, the absporgptigon trum has an absorption band having a

BSOrRLI QN SRES

relativi maxi mum val ue at, 86515 30 cnfl in addition to 93015 cm 1. [6] The
titanosiPicat € iy 1t B The WFL [19 -0 {Z)]. which is a crystalline

Litanosi|licate havirm a ried rictdires code MM charaserid ot by e popder
X-ray dlffraqh{ogiggttenp hown in Table 1: WO 03/07442 [/ JP03/ 02154 8
[Tabl e 1] Table 1:-'Povitfet %iﬁa%)-’ﬁjlm RGO U RAAIHERA detl e M
Structure Rel atshyeidaiteehsitate, the greatest value in the region of
900-950 cm™ of the absorption spectrum is present in the
15 region of 930%15 cm™.

(3] The titanosilicate according to [2], wherein in
the infrared absorption spectrum measured in the
dehydrated state, the greatest value in the region of
900-950 cm™ of the absorption spectrum is present in the

20 region of 930%10 cm™.

(4] The titanosilicate according to any one of
claims [1]-[3], wherein in the infrared absorption
spectrum measured in the dehydrated state, the absorption
spectrum has an absorption band having a relative maximum

25 value at 1010*15 cm™ in addition to 930%15 cm™.

[5] The titanosilicate according to any one of [1]-
(4], wherein in the infrared absorption spectrum measured
in the dehydrated state, the absorption spectrum has an
absorption band having a relative maximum value at 865%15

30 cm™ in addition to 930%15 cm™.

[6] The titanosilicate according to any one of [1]-
[51, which is a crystalline titanosilicate having a
structure code MWW characterized by the powder X-ray
diffraction pattern shown in Table 1:



d/A (s: strong, m nedium w weak) 12.30.6 s 11.00.6 s 8.80.5 s 6.20.4
m 5.50.3w 3.90.2 m 3.70.2 w 3.40.2 s 5 (in the above Table, "d/A"
nmeans t hawotohe7¢4mit of the lattice spacing d i s AngstromPLT[IP)3/0Rms
titanosilicate according to any one of [1]g to [7], wherein x is from0.001
to 0.2. [8] A process for producing the titanosilicate 10 described in any
one of [1] to [7], conprising the following first to fourth steps: First
Step: a step dffaid&tildg a mixture containing a tenplate conpound, a
boron-containing c nd,. asiJ4 _ i_ni 0 d wat ern. o
obtain a precursor %i(?,&%;ilé CiS'ecc?;J d§f‘gg‘: %{%Ygéﬁgﬁggcggiog{ {iﬁe;ét%l r]iagjz)tq]hl\e@eﬁfeb ur sor
(A obtained in the first st StiuctuSeep: 20 a step of heating the
acid-treated precursor (A) obtagded | fe the SES step together with a

m xture contgining a tenplate conpound, a titani'umcontaining conpound
and water to G8fain a precursor (B):S®MAIFJUF tTESHEp: 95 eakkp of

cal cining theipr.eawr.gor (B) obtagned in the third step to obtain the
titanosilicatﬁ. bg% he process for producing the titanosilicate WO

03/ 074421 PCT/3P03P05154 - 9 atcording to [8], wherein the follow ng
first-2 step iBs8+Pebf ormed between the first step and the second step and

t he substancecobtained in the first-2 step is used instead of the
precursor (A) in the second step: 5 First-2 Step:

5.5%0.3 w
3.9%0.2 m
3.7%0.2 W
3.4%0.2 S
5 (in the above Table, "d/A" means that the unit of the

lattice spacing d is Angstrom.)

[7] The titanosilicate according to any one of [1]
to [7], wherein x is from 0.001 to 0.2.

[8] A process for producing the titanosilicate

10 described in any one of [1] to [7], comprising the

following first to fourth steps:
First Step:

a step of heating a mixture containing a template
compound, a boron-containing compound, a silicon-

15 containing compound and water to obtain a precursor (A);
Second Step:

a step of acid-treating the precursor (A) obtained
in the first step;
Third Step:

20 a step of heating the acid-treated precursor (Aa)
obtained in the second step together with a mixture
containing a template compound, a titanium-containing
compound and water to obtain a precursor (B); and
Fourth Step:

25 a step of calcining the precursor (B) obtained in
the third step to obtain the titanosilicate.

[9] The process for producing the titanosilicate



a step of calcining a part or entirety of the precursor (A) obtained in
the first step. [10] The process for producing the titanosilicate
accor di ngwom®3fo8er 9], wherein the follow ng third-2 stepPCIOPdx2pEN f or ned
between the third step and the fourth step and the substance obtained in
the third-2 step is used instead of the precursor (B) in the fourth step:
Third-2 Step: a step of acid-treating a part or entirety of the 15
precursor (B)aoittedied to t&ﬁ,twmerbsme#he[ﬂd;ldWEm@rﬁnﬁss—Iostepoﬂscing
the titanosil] C n 8 1 n l,| owi ng
third 3 otep TE herpas Betualn Sl TYLORE flen tad orhe JREORS 1S 80T
fourth step, &l 3Hestypse apeea PRedbiri teel f¥r$tm2t$¢$m Bssespdis used
instead of thensfLEUSE0ENE ré&%%ff&'ft{hsﬁﬁé’ sddbhg-Seshep: a step of
heati ng _t he precursor (B) obtained inthe third step, or the acid-treated
precursér (B) Pobt &t hedteR: 25 the third-2 step, in the presence of a

swel ling agent so @Sst@pSM@|éa1@§ni e&e@aﬁﬁe§yr§@{lré@ytagrgb§ nodi fy the
state of the Sup €05|t tbereof @f 4 E grocess for producing the
titanosili cat% %?Jar t% SR ohet B tEB] T155F 195 P wherein the tenpl ate
30 conpound is a nil@ pgenheopr@mmsngfcnongnmmdc11[1@31hé’hel1samce$$léate

d th d t
ﬁrr?rgglezgcon?aﬁ!érﬁgﬁgf £83L§d0§0§ r Ie anO Lt %u% Jr@g Eﬁ%’ﬁ?uﬁr %ﬁBound
[ 14] TRE pr ocle%spélofomwubetrgeem&lzeothiled $5e}_su®13d1atﬂme fceeotdi sgepo [12],
wherein the niftfogen-sGoof ) é”&bé&’fﬂ?@&‘”ﬁn'éhé‘ttﬂx Ly Ogéeﬁeﬂg\oﬁagﬁ' ect ed

from the group consisting of piperidine, hexanet enelnl 074421
PCT/ JP03/ 0215475 12Rd o@f BIe RESFETSPBr EBF . l?lBWeTﬁ@uﬁtbc%bgpfor produci ng

the titanosiltigate 2 aseepding to any one of [8] to [14], wherein the boron-

cont ai ni ng conpound is at %ea nber sel ected from 5 the_group
consi sting of bori® %tfH,° o?%%%‘tﬁ%?Bhn%x?d%art or emtirety of“the
15 precursor (B) obtained in the third step.

[11] The process for producing the titanosilicate
according to any one of [8]-[10], wherein the following
third-3 step is performed between the third step or
third-2 step, and the fourth step, and the substance

20 obtained in the third-3 step is used instead of the
precursor (B) in the fourth step:
Third-3 Step:

a step of heating the precursor (B) obtained in the

third step, or the acid-treated precursor (B) obtained in

25 the third-2 step, in the presence of a swelling agent so
as to swell the layered precursor, to thereby modify the
state of the superposition thereof.

[12] The process for producing the titanosilicate
according to any one of [8] to [11], wherein the template

30 compound is a nitrogen-containing compound.

[13] The process for producing the titanosilicate
according to [12], wherein the nitrogen-containing
compound is amine and/or gquaternary ammonium compound.

[14] The process for producing the zeolite

35 substance according to [12], wherein the nitrogen-
containing compound is at least one member selected from

the group consisting of piperidine, hexamethyleneimine



boron halide and trial kyl borons. [16] The process for producing the
titanosilicate according to any one of [8] to [15], wherein the silicon-
cont ai ni omampaend is at | east one nenber sel ected from POTURES/@nHIUP
consisting of silicic acid, silicate, siliggn. oxide, silicon halide, funed
silicas, tetraalkyl orthosilicates and colloidal silica. [17] The process
for producing the titanosilicate according to any one of [8] to [16],
wherein the raFPg 6f M1xEuger dhegeodi.licon in the mxture at the first step
is, in ternms of the[msljar That n9ockRQE0R o Sl = 1.t.0 10 .1..[18] The
[18l] al i2ocRaE0R o %rodﬁggpﬁggpg 5{%%&%?%;1%%%Jt0

process for prg%gg%gg thg titanosilicate “accor
[17], wherein fhe°Far'd &P 23§ B&FoRTt 68di tPcoA4iln whereiixt whe #tordme fir st

step is, in teFastefinihg oohpoundt i, akonedst Shki #@RLEr0<R7 LRl fr%mt g]lg]

The process fognpr ,hg_.the titanogi|icate according to any one 0
to [18], mherei%gtﬁggggt?8kg S iggWB?eLoFécsPPFé@anﬁa Re WoXPlr @xdidet he

first step i s, PPRORehAbide &hd woliaikyabbeonwater : silicon = 5 to 200 : 1.
[20] The process fofjpkrodygin i tanosili.cate cording tq_any one of
[8] to [19], mherei%,tae ?g%igrépgs%e%%FaPEOQBHﬁBEngﬁFot§FPP88ﬁlﬂﬁaﬁﬁe
mxture at the?fFPE€ing sPepnyspnenofefdy 6b {he]poiRErEahi 0het 8ADLALE
conpound silieontFiNidqt SoBpe 1211, T ocess _for producing the
titanosijljcate, accordi%g ?o?gﬁédo%% % .Fng%OOFEQT?méﬁgrEFEeFﬁgdhégpﬁng
tenperature i nciheIFPPRtCRREHS 509 0fn 21bieic 20601, 351 28htEhesploesss for

produci ng the ¢xidmpssiitese haccosdi ngnde ahy;QQe O£?£§Laiﬁgiag}b3fgszzgg
Ep TS

the acid used,for %D iac'd-tre&tnEf{ in the seconfl s

PCT/ JP03/ 02154 - = A1~ 13 rfe AR acotiaidad reiiécaei d. [23] The process for

producing the titanbs7]ictte paccessi fgrtSrodyc ong ofel 8l thRok 22} capher ein
)

the heating temmeraipre.dn e [ p_is om 110 to 200C. ] The
process, for producing The t?%gﬁ%églégaf%f to [Ié]' wherein the ratio of

oron to silicon in the mixture at the first step is, in

terms of the molar ratio, boron : silicon = 0.01 to 10 :
1. |

[18] The process for producing the titanosilicate
according to any one of [8] to [17], wherein the ratio of
boron to silicon in the mixture at the first step is, in

terms of the molar ratio, boron : silicon = 0.05 to 10
1.

20

[19] The process for producing the titanosilicate
according to any one of [8] to [18], wherein the ratio of
25 water to silicon in the mixture at the first step is, in
terms of the molar ratio: water : silicon = 5 to 200 : 1.
[20] ‘The process for producing the titanosilicate
according to any one of [8] to [19], wherein the ratio of
template compound to silicon in the mixture at the first

30 step is, in terms of the molar ratio, template compound :

silicon = 0.1 to 5 : 1.

[21] The process for producing the titanosilicate
according to any one of [8] to [19], wherein the heating
temperature in the first step is from 110 to 200°C.

35 [22] The process for producing the titanosilicate
according to any one of [8] to [20], wherein the acid
used for the acid-treatment in the second step is a



according to any one of [8] to [23], wherein the calcination tenperature
inthe fourth stepis from200 to 700C. [25] The process for producing the
titanosi IwWoaBm®74420 according to any one of [9] to [24], wreTaPos/a2ns
calcination tenperature in the first-2 step is from200 to 700C. [26] The
process for producing the titanosilicate according to any one of [8] to
[25], wherein in the third 15 step, the acid-treated precursor (A)
obt ai ned in t metsdconrd ist er andulferiicxtadriel.contai ning a tenpl ate

conpound, a titani ont-ai_ni nd _an er .are . .areviousl ] xed
and then heat ed. [g%ﬁThéﬁﬁr %g)s?sc,e% o%ﬁr (?%t?%u\r%%gnéﬁﬁ ttalﬁcoasrﬁsllt:iajtéleatr%o
accordi ng to &fFosddngf HogRnyo ozt \ildr éion [i22 It hevhieiqich tHteefieathieng
aci d-treat ed REGHSMAA)iN THd ealed Ry diy ey hod that a
m xture containing the acid treated precursor (fA obtained In the second

step, a °titani um deftlai fsy FEOFEEEnE Fn PrRdieinendhe hidqanasizgate

contai ning a teelratie L empawid cued o\ﬂag%r] ale [ohar gethesaal alrl y, the vapor
of the contaln%ﬁ%.a tenpl ate conpoun wat er i.s caused to contact the

an
mxture cont &P AHET HEIREERATUE S HnithE COMFSIh$ TERI Jshdrom 200 to
(aci d-treatedyoprecursor (A). 30 [28] A process for producing an oxidized

conpound, conpri Si perform.ng an i_dation r.eacti,on of an or.ganic
conmpound usi ng the[g%ﬂdig&ﬁbggﬁgﬁfsi%%Fh@ﬁ&4§ﬂﬁﬂﬁaﬁﬁet9ﬁ§aqqﬁﬁﬁﬁﬁﬁﬁ?cate
descri bkl i n asgosdd ngf tjolpniyo ong] of] 29]] Fe [Bddcessdmrimridoici ng an

oxi di zed conpeund i 3% 18GC Yt 28], erQi st | | diz] i's
oxygen or per oxi &3.0;30 Q‘?ﬂ{gé%ragtggsbsq%lort\@%ro l%tngeasﬁ?%gilﬁ% zr%ﬁg?ryp%und WO
03/ 074421 PCTEPPOSL0EL54 - 12 according to [29], wherein the peroxide is

at least one conpqurd SehectRGdRMedIe HRMR iGN 11 HodWidrQoen
AR A UG GRS E TRt S TR
met hyl cy®l ohexytlep, the acid-treated precursor (A) obtained in the
second step and the mixture containing a template
compound, a titanium-containing compound and water are
previously mixed and then heated.
[27] The process for producing the titanosilicate

20 according to any one of [8] to [26], wherein in the third
step, the acid-treated precursor (A) is treated by a dry
gel method such that a mixture containing the acid-
treated precursor (A) obtained in the second step, a
titanium-containing compound and water and a mixture

25 containing a template compound and water are charged
separately, the vapor of the containing a template
compound and water is caused to contact the mixture
containing the titanium-containing compound and the
(acid-treated) precursor (A).

30 [28] A process for producing an oxidized compound,
comprising performing an oxidation reaction of an organic
compound using the oxidizing agent in the presence of the
titanosilicate described in any one of [1] to [7].

[29] The process for producing an oxidized compound

35 according to [28], wherein the oxidizing agent is oxygen
or peroxide.

[30] The process for producing an oxidized compound



hydr oper oxi de, tetralin hydroperoxide, isobutyl benzene hydroperoxide,
et hyl napht hal ene hydroperoxi de and peracetic acid. [31] The process for
pr oduci ngwan3ox4di zed conmpound 10 according to any one ofPCra893/a2e54 30],
wherein the oxidation reaction is performed in the presence of at |east
one sol vent selected fromthe group consisting of alcohols, ketones,
nitriles and water. [32] The process for producing an OX|d|zed conpound 15
according to aayooGEngftbzgk9qp vB2rubhear eha pbeoﬁxagaiéoat &eaetigPeOL ag
or gani ¢ conpo n | ,on_rea car, - carhon_doubl e bon
(397 The pr ocaatep o r8haErRy “aro8Fhr o ro B el Rus thrtoph: NY EE08Ry one
of [26] to [32Promméee|nerhebﬁaybxhgdroperoaadeLonent amyar gani ¢ conpound
is an epoxi dat,] n [ i 0 rocess for
P ggagagégaﬁaae ng@ng 8#% gQr5§§8& chgié%ggﬁ eP

produci ng an bun acco to any ' one [ 31],
wherei n X he bxﬁéépﬁéﬁxidamtFﬁﬁl@heamlohgéﬁpﬁeteﬁpdamdmﬁthﬁ czslohexyl

ammoxi mat i on. nGkhePBSEHENt ta8ali Y AYhOSeEbEiad | $5BpRERTERLLEAW ew for
illustrating a~ process for producin anosi i cate subdtance by a 30

post - synt hesi 8YBFBR8ESX ARy, eéhyénaﬁgrhﬁ%anedhaégepsrpﬁhdgpéeérun1of
tltan05|I|Catpepaedgﬁedabdexanple 1. Fig. 3 is the first differential

(differential of Eéﬁjt 8éder% gectrun1of E ﬁ" 2. 35 Fha” 4 is the second
differential spect of TRPgPTOSSSE) §Oor sPrQAURIRADARaPEEPH26F FREPOINSt ance
obt ai néd WO 08¢66442mgP€5/aﬁ93b6é154 [2613t0|m3Exanwherélthge 6 is a W

oot <paiaHpobANeeaBRBLIGE by cHERIR. fnlenk! firebehBolle AL 470

absorption spectrumo nce 0 ned in arative anple 1
Fig. 8 is an ﬂﬁﬁsér@ﬁeaagévpntoﬁeépeceduﬁrgm the group conSlstlng of

alcohols, ketones, nitriles and water.
[32] The process for producing an oxidized compound
15 according to any one of [26] to [32 wherein the oxidation
reaction of an organic compound is an oxidation reaction
of a carbon-carbon double bond.
[33] The process for producing an oxidized compound
according to any one of [26] to [32], wherein the
20 oxidation reaction of an organic compound is an
epoxidation reaction or a diolation reaction.
[34] The process for producing an oxidized compound
according to any one of [26] to [31], wherein the
oxidation reaction of an organic compound is an

25 ammoximation.

Brief Description of Drawings
Fig. 1 is a schematic view for illustrating a
process for producing a titanosilicate substance by a
30 post-synthesis process.
Fig. 2 is an infrared absorption spectrum of
titanosilicate produced in Example 1.
Fig. 3 is the first differential (differential of
first order) spectrum of Fig. 2.
35 Fig. 4 is the second differential spectrum of Fig.

Fig. 5 is an XRD pattern of the substance obtained



substance obtained in Conparative Exanple 2. Fig. 9 is infrared absorption
spectra of MAWtype titanosilicate substances having various Si/Ti ratios
10 obt ai wo B7€HzaNMPle 7. Fig. 10 is an XRD pattern of Catraryges/®13ubst ance
obtained in Exanple 8. Fig. 11 is an XBDlgnLrared absor pti on spectrum of
Cat al yst-3 substance obtained in Exanpl e 15 Fig. 12 is the first
differential spectrumof Fig. 11. Fig. 13 is the second differenti al

spect rum of Fi@.ExéﬂpléOlBest Mode for Carrying Qut the Invention

Her ei nbel h bed d
re]E glrgngemt,vo Ehg a %%ggén%/%‘\r/\e%\? g‘?r/]ﬁ’%\g‘g r%fg Ce; Ie%fleb Bélir‘]%%ect?%%‘?mne% in

descri ption, Eﬁﬁm@hd Ipart(s)" representlng a quantitative proportlon or
ratio are those as n S e peei al ly.
(Present invention %? %Th% %€2€€% £€%§é§?§%$§§¥%§ S§§E§€?ﬁd§§cﬁ$ ed. The
present5|nven%&bﬁtquel@bbalm¢®nb@|¢¢mﬁnﬁatéb¢e%%ﬂmkheby the follow ng

conposi tional formaia, (é)ls“Q@rfﬁfkéfb&fﬁ%ég&%fqéﬁf§9e@@§9ﬁpéfOﬂhépeCtrum
neasured in the dehydrated  state he absorption spectrum has an

absor ption baﬁﬂbsﬁ%ﬁ?%g°%t§%$%@|%% ¢IPPRBREE Ve ek Reh® vat ue at 93015 cm 1

Conposi ti onal For iyl a9 (13 l@ﬁr%ﬂé@za&éoi(ﬁ:&@ﬁ ép\é@tﬁanox mwwf£ope0. 0001
to 0.2). The an031ilcate $resent inventlon g gn VK%03/074421
PCT/ JP03/ 0215 an‘iil %ﬁ??%r%‘ab%% DAVERG YT hRaRtf &4 FACIRE

dehydr dtled sobtainatieir Em&mpbecirunlhas an absorption band having a

relative maxi num v e . r bso nd
having a rel ative %%§|n3%1gglue sﬁ2%%t%g?¥ﬁ¥?e%a€%g¥%?6§a% gggaggorptlon
band havi ng aObb&h@?delnn@xamDh$v&lue also at 860 15 cm1 or 1,010 15
cml1 may also be prgseni. ;& Q. xRH ARBPEPLEOALLERG: I8N BBeBtrum of

Catalyst~-3 substance obtained in Example 8.

15 Fig. 12 is the first differential spectrum of Fig.
11.
Fig. 13 is the second differential spectrum of Fig.
11.
20 Best Mode for Carrying Out the Invention

Hereinbelow, the present invention will be described
in detail with reference to the accompanying drawings as
desired. In the following description, "%" and "part(s)"
representing a quantitative proportion or ratio are those

25 based on mass, unless otherwise noted specifically.
(Present invention (I))

The present invention (I) is first described. The
present invention (I) is a titanosilicate represented by
the following compositional formula (1), wherein in the

30 infrared absorption spectrum measured in the dehydrated
state, the absorption spectrum has an absorption band
having a relative (or local) maximum value at 930%15
cmt:

Compositional Formula (1)
35 xTi0,* (1-x)S1i0,
(wherein x is from 0.0001 to 0.2).
The titanosilicate of the present invention has an



relati ve maxi mum value at 960 cm 1 as seen in general titanosilicates can
al so be present in conbination. More 10 preferably it is preferred that, in
t he i nfrawed3/oafagor pti on spectrum neasured in the dehydr aPeu/Joxi2es4 t he
greatest (or maxinmum value in the regieniaf 900-950cm 1 of the absorption
spectrumis present in the range of 930 15cm 1 (nore preferably, in the
range of 930 10cml); 15 and that the area of the absorption band havi ng
the relative HakFahedapheorptdcn spectm neasarg@rit heme ddtagdeitéhe

absor ption bangthey| ngnéhe 8 i i 960cm 1. Herein, in
the present invent]j t)n, the, i n‘%?éaéééﬁtg%ﬁa%%or%%{?%gns%‘%ﬁ?rﬁﬁ??%d HE e uf ed
i s characteri zZeQ-By %R PaBEBRBt YRhUS pakt 93 hky etm 1t heHawsvebantke
corresponds t cabsdepdt ehh Ne&Rd A $ingnsg fé@hﬂ%@@fﬁ%&%ﬁﬁmcfﬁfﬁépﬂ9q§~£° the
charac ? "t he

absci ssacaxi s. .1s.al.so possible to discuss the terrstic o
spectr um5by us%inrgl%%d a%%%lf%f? oS A SHRRIPFRIM AP 2R RIELRG sl kaice

corresponds tdnﬁmémumrwahweeabxésatF@&ngrlsidm?h@rplgggmtiipyeaﬁhogaythe
characteristicypistihe spg m i escribed by wusi the absorption
spectrum since t%e, ch%lfa%%gg?li st?lc&ghnarbe&%oe%%?}r%ggﬂ‘ga%@l%& t he
measur ed val ueL el B Goluaitat tHe0 absordsanseen | Hnt fenor &5 ent

i nvention, of €£OtHESsitiEatad t 1.nQ: el.ative maxi nmum
val ue" i BCl udes aip [_;g)sor ti pfl&g)rgn% avﬁgiaé%4€%€eéon%§%nﬁ%%1 ugkl?ﬁet he
spectrum’ HowdVASFE T3P bhel toriek efiefiankatd itgrt t hien 3the absfrtadbn band havi ng

a relative mudbaoepaice”spdSrun dalesd 6ased %@é@%%{el ,geigtlf%/\o

wherein an agg%%ggi n Q%pqnis. resent reasonably or. Inite a
03/ 074421 PCT/ TA150T MBS §351e o Hherregiom s $0kdThan’i s
based on the fudf ItWw repsegsionm spEtirns,id briddemast Whsiddtf & 930
B 5 regi on of Q0. SRHL AL > KARFRTY npuor T GREMErasert 10972)  egi on
of 900- 1B00cmaPd shateihaatiseaafdfodthed dhsddritsion aragel ahserny iwe band to a
certain extentre IHHGRAS QfBsium valve at 930 + 15 cm™ is larger than
that of the absorption band having the relative maximum
value at 960cm™.

Herein, in the present invention, the infrared

20 absorption spectrum to be measured is characterized by an
absorption spectrum wherein the absorbance corresponds to
the ordinate axis, and the wave number corresponds to the
abscissa axis. It is also possible to discuss the
characteristic of the spectrum by using an absorption

25 spectrum wherein the transmittance corresponds to the
ordinate axis. However, in the present invention, the
characteristic of the spectrum is prescribed by using the
absorption spectrum, since the characteristic can be
described clearly when the measured values are converted

30 into the absorbance.

In the present invention, of course, the "absorption
band having a relative maximum value" includes an
absorption band having a relative maximum value in the
spectrum. However, in the present invention, the

35 "absorption band having a relative maximum value" also
includes a case (such as shoulder peak) wherein an

absorption band is present reasonably or.definitely in a



when the sanple to be neasured has a very high concentration, or the
measurenment conditions are not 10 appropriate, it is not rare that,

al t hough wbes®74431 i nherently an absorption band at a preaeraroa/resh

posi tion, the correspondi ng maxi rum valuejgs.not practically recognized,
and only a shoul der peak is recognized (or even a shoul der peak is not
practically 15 recognized). At first, it is preferred to select the
measur enent ceediitions ofs ideerrished hereinafter so as to provide good

results, but there relnthe hd etecting the relative
maxi num val ue shouIT(I%ﬁ t%%é\eﬁm\gé fobf‘ﬁgfle tgl Pﬂrgaw&figdﬁ gc?fjlnﬁg t he
rel ati ve maxi @t V§huenwﬁ@ﬁeﬁﬁ8&'hrr§uldcﬁterenmpahndenvehetethe
absorption sp (arskéﬁ'ta%d%’i:ya s3eeeRd a‘ﬂ's%&@ﬁ:@@h‘ %'an%lu@é% cbhereaf gi;

det er m ned. en there is cl ear maxi mum val ue in the a source
or original sp&EPENPL A 1@51fz|5r0§fn i faer St jagls bt ansbbrsisemtd cr oss

the O (ZerO)1moenkeqﬁohh©f0@@mﬂdb©O@%Fﬁlsaﬂﬂeﬁﬂt§b99'QEfe@@é&eEﬁOEH§sto
t he wave nunber._prov dlng t.he %3nglve maxi mym val ue he ot

even when her §PSr R Ofe EOmBx FROMAY R GEtPRta sEhRrEELEEECt r um
there 30 will wbent Wher rsfahr@dter ao pei niesishekdr kaana &kkgr htilgd point at which

the wave numbepREQyidingy NG, ghal e teximm value, s (o be present.

Accordingly, in such a can beé “consi a relative
maxi mum ¥al ue apl@épmeﬁtte\m lrtorlﬁt S04t rattectihetie sdcbondgli therentisal curve 35

cross the zerqnpairBhtQf; %ﬁea%s@kgﬁﬁ%naﬁbﬁd %@egn#g%de%ggﬁgngf a curve

between the two points”i s near | atera i'Ss possible to
consi der for WOSBBLOP44ENePCPLIPERPOSLDY maX}@umC@ﬁQeﬁleﬁc@Otthat t he wave

number COFFesI@Q@dltﬂgaﬂ.Qyt Ifaecobeﬁaledm Iahefuahqu fah%h%ﬁqe@!il gleéke&%”t' al curve
is treated as t h_there is inherent resent the

C
rel ative HHX|ﬁﬁﬁ993F58% Rofhgv§8uﬁc§%§BéQFFuEFa§ FﬁrPﬁérPrﬁFtﬂ§a&ﬁ§o
possi bl 5t o direcogsitkd)pr eaencdrsand iteliat bre famxiedu oV aktecef +dievi ded

peaks by decqayal,uthng:( @bnaRkibhENAL REAKS WL 13, 80MIRLELA LY o +o
provide good results, but there is a case wherein the
method of detecting the relative maximum value should be
devised.

20 There is a method of detecting the relative maximum
value wherein a first differential curve of the
absorption spectrum and/or a second differential curve
thereof is determined. When there is a clear relative
maximum value in the a source or original spectrum, the

25 first differential curve thereof should cross the 0
(zero) point of the ordinate axis, and this point
corresponds to the wave number providing the relative
maximum value. On the other hand, even when here is no
clear relative maximum value in a source spectrum, there

30 will be two inflection points before and after the point
at which the wave number providing the relative maximum
value is to be present. Accordingly, in such a case, it
can be considered that there is a relative maximum value
between two points at which the second differential curve

35 cross the zero point of the ordinate axis. When the
shape of a curve between the two points is near to
bilateral symmetry, it is possible to consider for



avai l abl e software for deconvol uti ng peaks (However, when such a
comercially avail able software is used, in sone 10 cases, there is the
possi bi | iwgoaf7aebitrarily resolving the peak). The ter mpCagrgdnatsed
state" as used in the present invention gans that water adsorbed to the
substance to be neasured, which becones an interfering substance at 15 the
measurenment of the infrared absorption spectrumin the vicinity of 800 to
1,200 cnl, iscoavendeénar] ahateasiy sblve siaberotoatreispogdded aksahption

band is provi : neral., .i.f the titanqsilicate.of the .present
i nvention is ilg)%t lel“{sltngl%é&\/\%gr FPSSASES wé?glgrie %ﬂ'&lplgélfé(ﬁt TSe V&R ATE t he
absorption spéét e iwevieha@uatpere-a tdeddcihbédespedisl ilaheraslempreseadi on i s

measured, a pede Wil dd Glaling: FRILEITLY he ol 03015 o 86515 cm 1
b 31 on t ﬁ

or 1,01015 cm2 is not observed e spectrum is i§ considered to
result because the Fo&&Narat iidn ishadismg Pozsitde reakiissvisshithier oF Sp@ndse

adsor bed wat efand AederdiviigmaximtinOrdan et & Cfiildaas ek pEak, adsor bed
wat er nust be renoved. Here, the ahsol.ute anobunt qof = adsorbed water on the

substance to G&SRY: 095 (95t SRLBHdmIdmPERdFS itd ducommessiallya state
of enabling t healQ aidzs wokreiir e0ff drh @l eicdinvarled 1aks @eplkso N EpesidryMyiherd hat
region is provided. ual ly,. tthe "dehydrated state" as used herein _can be
attai ned by a%%g%%fhéﬁémW%ﬁéﬁﬁﬁ;ﬁ 3 % i%é?ﬁ%%ﬁ%.hf U1°%B06¢ FFHE a
pressur&lof 1@a8eRa. there dpeditfe emislsybi35 tyhiof stritierearn lye resallivded; by
addi ng an appr.gpr 'F)@taq{r%.armunt of potassiumbromde to a titanosilicate

: oak).

sanple, formng xture into pellets, setting the pellets in VWO
03/ 074421 PCT/ JPO3/fb215erm 7 dehygirates whgdedelds, used Haatbiheg bass erter eby

degassi ng t he i ng@hk if@r nbah@Uinate %ReURRLrRdRl 83SWhe QfupkQadidatathen
the dilution of a sanple is.i,nsufficient, there is ,agpos ibility that the
above- nent i on&§ L6ESHFECon VB Ch gecergs E@cdﬁ§§r¢§F9nlaﬁﬁgsgﬁﬂ?eaﬁt

absor pti®dn of tihet ecesturdmntngfa thayd nfuared absrpdian Bpemuh iin
super posed Onthteh%itc%.inlit?zf otfh% Oloart%e 193%‘6 c?nnd, aiss %:ermeosvuelci ’ansci’l Cah an
measurable state of an intended absorption band is
provided. 1In general, if the titanosilicate of the
present invention is in the state where adsorbed water is
20 present, even when the absorption spectrum in the above-
described specific measurement region is measured, a peak
with a relative maximum value of 930+15 cm™, 865%15 cm™
or 1,010%15 cm™@ is not observed on the spectrum. This
is considered to result because the oscillation showing
25 the peak is inhibited by the adsorbed water.
Accordingly, in order to confirm such a peak, adsorbed
water must be removed. Here, the absolute amount of
adsorbed water on the substance to be measured is not a
problem and it is sufficient if a state of enabling the
30 measurement of the infrared absorption spectrum in that
region is provided.

Usually, the "dehydrated state" as used herein can
be attained by a treatment for about 1 hour while heating
at 500°C under a pressure of 107 Pa. More specifically,

35 this state can be realized by adding an appropriate
amount of potassium bromide to a titanosilicate sample,
forming the mixture into pellets, setting the pellets in



absorption of interest cannot be observed. Therefore, the dilution ratio
may preferably be, in terns of the 10 weight ratio of the sanple and

pot assi urwbrosfevdel in the range of sanple : potassium br ®@eirdeo32154
0.001-0.05. It is necessary to pay attentiaQn to the preparation of a
pellet, since the quality of the resultant spectrumcan be |owered when a
part of the pellet is damaged. 15 Further, it is necessary to adopt an
apparatus fora qeasuzFmgdénﬁealedaabshepthng spéctherabg degassémgntche

condi ti ons wh suf n I et.ect .an absor n and.of, i nterest.
Transm ssi on hg?%oggr ! flOﬁer?%d 86 EtHedrgreagu ? gg Fh8§ Qﬂ % ‘use
refl ecti on nethod UhﬁHZOhaIQOIBEleedf busamplehms ¢aseffuc1estne¢eesary to

adopt a net hed sagaggﬁbgilqﬁ eq hneha EEBUEQm%H§QBHEHOngathloﬁ g Dy

nodi fying the spectrum by a a- Mun I's at ast necessary
to use égFourﬁérOrﬁaneﬁepﬁﬁﬁugﬁrYt}ﬁégappanatae apgprRELONt RE ABASTESYENt

shoul d be 25 ﬁeadngtedwuadehumbe@ndbwbentﬁahresmoaﬁﬂnqst%u@éﬂ@ﬂgé&ldH\ of
2cml or | ess. he titanosil cate of the

4cm 1 or |ess mor e refegg i i
present inventf§n i? of #r8%0 Pe?#GZaﬁﬂda§|€2rﬁ?8 Emtsﬁg cBfRsti t uent
units can beabpecptied by tiheemekar caahbe. bécebéérngﬁy, mhaQe&e&es the

nolar ratio o i nt._i.n_t t|t s te and, (1-x) he nol ar
rati o of SlOZEh%rggéﬁ%ggﬁ ETatge QS Ff&h ﬁérepy é OFh ﬁolar
rati o of0 titawphehti Fatda aﬁdtdeesampﬂedenﬂ pheapsesanbeommﬂeothert@benents

n the titanosthbgabe, <3gohB cogestiianab LAsAMl a blhoiXolpslr omp040001 to

0.2, preferably fromO ,rmrepreera from O nost
preferably frBRFESBITYOLO. EaYCPﬁéPnVEPGSF97Hh21PP€PFJP93P029§4a - 18 than

titani umintreduced, lsaﬁcéhehéreaem@t§ 6@rtﬁ&ekebgmkanbys@@b%kuhubb@g to
silicon, t|ta |ugéwge0|es resent i n out ,of the crysta

f r amewor k, Fgd gt BoarBPﬁatPgntgﬁt8ﬁ$6ﬁFsb§cﬁ@§a8Pdanatase li ke
titani urh 5 OXFdethay cmexnstnebesemey,tbhaaeptlaanapgasaeuse$orout3|de t he

framuork gengraLly;RGCeheraleq' 18:3k8210h°850L0M 000 hE N L RRRR @ 1O
conditions which can sufficiently detect an absorption
band of interest. Transmission method is preferred as
the measuring method. A diffuse reflection method can

20 also be used, but in this case, it is necessary to adopt
a method capable of detecting a minute absorption band,
e.g., by modifying the spectrum by a Kubelka-Munk method.
It is at least necessary to use a Fourier transformation
type apparatus. Further, the measurement should be

25 conducted under a condition corresponding to a resolution
of 4cm™ or less, more preferably 2cm™ or less.

In the titanosilicate of the present invention (1),

the ratio of TiO, and SiO, present as constituent units
can be specified by the molar ratio. Accordingly, x

30 means the molar ratio of TiO, present in the
titanosilicate and (1-x) is the molar ratio of SiO,
present. In other words, x/(l1-x) merely shows the molar
ratio of titanium/silicon and does not deny the preseﬁce
of other elements in the titanosilicate.

35 In compositional formula (1), x is from 0.0001 to
0.2, preferably from 0.001 - 0.2, more preferably from
0.005 to 0.2, most preferably from 0.01 to 0.1. Other



reactant and therefore, the anount of these species present may preferably
be small. 10 In conpositional formula (1), the specified x is assuned to
be the rawD®30f442i | i con contained inside the franmework, ROEIVEY(2154n t he
case where titaniumis present outside_.thg framework in addition to
titaniuminside the framework, it is actually difficult to precisely 15
determ ne the titanium contained inside the franework. Generally, for
exanpl e, on t frdanl toidvinduet -initsiddue edaliseoptthen fspeetioti (tdle ﬂtwmtpiri)on in

the vicinity ti anl m|n3|dethe rane t he
absor pton | nthg e Teg TR e 6 s S rich
titanium spemt@@ Gutts @eﬁ:t lod frh@mewmyska ladd amelwe rih s diopt iecranipld hé-vicinity
of 330 nmis aggigned %n %ﬂﬁ%ﬁﬁ%ﬂ s%%c&%%a?ku%% Q%%'Fﬁlkép nomng{ when

an absorption is present in e vicrnity o at the
titanosi?i cat ©%d6t &dYs cOeKdSitumhionsives 25 helse ftrlé—mwmk sHevifesct, the

titanosilicat euekildee thy &&%Et{ewdi*kera;feln@}a(ﬂlb ha% AR RAROHHd Qi dd the
vicinity of 220 nm and this reveal s that tltanlun1|s present inside the

framewor k. HowEFESTFhEF AFTE6% ERTes toplddidint tatthgt W fvime Rt hs,

the ratio of trleese: anitt @midurahd@ efpael e her @f@Uhtcaehdye @padidatively

di scussed eve 0 other ans such as nucl ear nmagnetic
resonance mnet %n%'q%'aﬁg% §%$‘ t i°0n M8 qu Clearly known is only that
the vall@ in the rrﬁlnalcomrp@tsll@l@math tfaminwhat d 19i,| ithen spelcciflistdeck firom t he 35

proportions ofygkitad Wy #rd +$id 'r%QQoOl&tfa'sQQQC%f { % nttré%]ne%f)%%%.&é Qhe

anal ysi s by elenentar anal ysis or the he relative naxi mum val ue
of the amount fERTEVCE rur%%vw/rowwepeﬁ/syp@@mm%tamm ifomuasR:

i nside the framewade the ti@&@xrelwlaﬁqt ahovRdithen Rl &l thatiheh afndidaaninam
contai ned inside the fra zﬁﬁaglfflcu't to directly determne. In the
present i nveAtEBEVorsy l@oﬁ@ e dd t&dc8 1y fro m&%%lﬁ%klo of 5

titani ums and slleltle(muin(ealtmlel atiedndsinx doh tedmedsiinisdd@l tHeorfAdnewclk by the
anal Yol s Of CRIRAsLIY) R R8hnie, "Bn TRt Lok LAY cont &l ned
absorptlon spectrum, the absorption in the vicinity of
210 nm is assigned to titanium inside the framework, the
absorption in the vicinity of 260 nm is assigned to 6-

20 coordination titanium species outside the framework, and
the absorption in the vicinity of 330 nm is assigned to
anatase-like titanium species. Accordingly, when an
absorption is present in the vicinity of 210 nm, it is
known that the titanosilicate contains titanium inside

25 the framework. In fact, the titanosilicate of the
present invention (I) has an absorption in the vicinity
of 220 nm and this reveals that titanium is present
inside the framework. However, when an absorption is
present at other wavelengths, the ratio of these titanium

30 species present cannot be quantitatively discussed even
by combining it with other means such as nuclear magnetic
resonance method or infrared absorption method.

Clearly known is only that the value in the molar
ratio of titanium to silicon calculated from the

35 proportions of titanium and silicon obtained after the
composition analysis by elementary analysis or the like

is the relative maximum value of the amount of titanium



The titanosilicate of the present invention (1) where silicon is
substituted by titaniummay contain 10 other elenents in addition to
titani umweioBiocgm and oxygen insofar as these el enents decmaPox@isuch
adversely affect the reactivity of titanosglicate. Particularly, in the
case of producing the titaniumsilicate of the present invention (I) by
the production process using 15 boron as the structure supporting agent,
which is desephbednpedt énsidevehy §naMbwamhuntAefdbscmmbeﬂyabenauntheven|f

o Dbt At on RbiaeBuLag BY' €8 bR AR CBRTRInoa ONENSL: Aol eLhniliBll 3L0UNt

of boron does not so nuch adverseée e reac
tltan03|I|catélﬁﬁécgétth@réﬂ@ﬁétlﬁaﬂebermmbstanﬂnathy present I n

principle, otheentibyal et EﬁEaE§n§HﬁQeﬁéeaEughﬂH”1tﬂ@lhbﬂgk LLeD g@d

chronium can al so be used as_the structure support |ng agent i n place
boron ami if thE2RAYE PEds§ilaceer galspartedndank oén samboshtéboadnt

sonet i nes renubnmu&asmd$ 25 and @HbinQStBQ Ebﬁﬁ%@@%&onAgsuﬁggd'Bst@%e

synt hesi s of | kal I such as saqdi um ot assi um are
general |y expéd ?3 Fg%lSCPfagE%aHﬁH@rSPP?QFnﬁ leﬁéaéfﬁﬁé tXaMeHPEE -be used
for the purpose ofhactékenatiigcthe ofyshel birzakheniatehkheodO (gnoduction

of tltanOSI|I@ﬁE eoglﬁgﬁogrg ng%@X% LLgny (%aFaEQW%V§FV|In gneral ,

al kal i netals unctl cryst 58 ¢ Pt-Anosi | i cat e
and arée? pref@FhﬁFyei@WﬁVéé by addléx@hahglhgtaa¢um,tseéunentandr t he

like. 35 The skyyehuraseede Q@méhésengl@ﬁeﬁ@gmﬁonﬁbﬁcgga&#cﬁ'%H%e%%%ﬂ?tures

and is greatl¥ aracterized by having a or e_conpose an oxyg
10- menbered r ﬁgec ng"§ §86€FlVE¢®3P§7H&E§HP€¥AJP93P021§4rtlcﬂéar dge

(0. 7x0. 7x1. 8 mn)thEEbaBéSo@nptbdu&&thEHéetQEindﬁSQEEQ@ﬂtefQE exanple, in
Atl as, 5th ed, rgreg m&g/ B %Bternet t he honepage of | ZA
Structure ConRf$EF5 l?ﬁ??glPP )i 2¥- ?uEFHﬁECBFQP)pfage £ ESHPGary,
2002) . 1% Knownoeganpbeshef sthechokecubippostevg hgenng tvhiigh skructure

)35860) . 1 Te Go i ELEREC 1YL, 20%eryOiflart aRBkhe 3P/pBRLTHRPERRATA' oM

even if an operation of removing boron is performed.
However, a very small amount of boron does not so much
adversely affect the reactivity of titanosilicate and

20 therefore, may be substantially present. 1In principle,
other trivalent metals such as aluminum, gallium, iron
and chromium can also be used as the structure supporting
agent in place of boron and if the case is so, a very
small amount of such an element sometimes remains inside

25 and outside the framework.

As used in the synthesis of MCM-22, alkali metals
such as sodium and potassium are generally expected to
act as a mineralizer and therefore, can also be used for
the purpose of accelerating the crystallization at the

30 production of titanosilicate of the present invention
(I). However, in general, alkali metals inhibit the
catalytic function of crystalline titanosilicate and are
preferably removed by ion exchanging, acid treatment, or
the like.

35 The structure code MWW is one of known molecular
sieve structures and is greatly characterized by having a

pore composed of an oxygen l0-membered ring, and a super



Mater., Vol. 8, 2415 (1996) and J. Phys. Chem B, Vol. 102, 44 (1998)),
ERB-1 ( Eur opean Patent 203032) and PSH 3 10 (U.S. Patent 449409). The

nol ecul arweiogwetdbavi ng the structure code MAW can be i demCirfipesdo2bys it s
characteristic pattern on the X-ray diffraggtion (hereinafter sinply
referred to as "XRD'). As for the XRD pattern, for exanple, a sinulation
pattern of 1TQ 1 15 can be avail abl e on the above-descri bed honepage.

Repr esent at i veadief f(l0adixi0oxpagt amy.i spehawnsi 8nt Bae Eokl,eM,pg Zabl e 2.
[ Tabl e 2] 20 Table % Powder X-Ra { Diffraction Lines Provided by MW
Structure Rel &6 FCandioty SARPLE: 30 H%d2Sm Stildiedm o camale rEA0.6 s

11.00.6 s 8.80. ih& 16t%@n@tﬁlt5e5ﬂoﬁe agd 8¢ 278 sRr(+dry C%mﬁgs%1§3The
pr esent |nvent g 8 i s.described below. ,The present invention a
u€i

process for pro e 128 -SitrLh §FF|85Hé) é6§ppﬁsfﬁ@rﬁﬁ€YﬁoMQﬁ&)ng first
to fourth stgpgwnFemamp$EGpofWEmQSmﬂlééalaECEAéB%3MQ%E&% thidl a step of

neating a M xLUrecRaBLaLALAG A BIDLA! oo canpOUNG, 12 Heron Gyt al ni ng

conpound, a silicon- containing pr ecur sor
(A); Second $t884)3. a5§ﬁeé5oﬂEacpéeaneaatagttIélﬁﬁ@oursan—@AXc&bhalned in

the first stemacshldvliepy,asghep %9'@2%&1&9# PeL3eLdchiefal 87 RGICUT sor
(A) obtained, i t Q‘Z S%Og))s,t%%Bto ?Eﬁ:uropean Patent 203032) and PSH-3
10 (U.S. Patent 449409). The molecular sieve having the
structure code MWW can be identified by its
characteristic pattern on the X-ray diffraction
(hereinafter simply referred to as "XRD"). As for the
XRD pattern, for example, a simulation pattern of ITQ-1
15 can be available on the above-described homepage.
Representative diffraction pattern is shown in the

following Table 2.

[Table 2]
20 Table 2: Powder X-Ray Diffraction Lines Provided by
MWW Structure
Relative Intensity

d/& (s: strong, m: medium, w: weak)
12,.3%£0.6 s

11.0x0.6 S

8.8%0.5 S

6.2%0.4 m

5.5%0.3 \

3.9%20.2 m

3.7+0.2 W

3.4%£0.2 s

The present invention (II) is described below. The
present invention (II) is a process for producing the
25 titanosilicate, comprising the following first to fourth
steps:
First Step:



10 containing a tenplate conpound, a titanium containing conpound and wat er
to obtain a precursor (B); and Fourth Step: a step of calcining the

precur sorwpBp/optaeni ned in the third step to obtain the tipCagesii2isate. 15
Crystalline MW type titanosilicates in.general can be synthesized by a
conventionally known direct synthesis nethod or a post synthesis nethod
such as atomplanting. |In the synthesis by atomplanting, for exanple, a
mol ecul ar si eve ha@#i A§eanoMihestiogt ar eistntrai nbngaboaiag 20tempdlattes num i s

first SynthesbéﬁgouhﬁenaaboE%ﬁSEoﬁtgﬁhg gfcoﬁgﬁaﬂdor agﬁﬁhﬁgglls removed by

a water vapor treatnent and t he resi aéted Wt titani um
conmpound suchRoa$ 3L PiBAI GRMPERRECRREr WaESTOROt hbtetiher bargurshes (A);
titanosilicat geebntihgtrppesent 25 i nvention can be produced only by the
productuyn process o% t he pres invention (l11) so far. The_ production
process of titanosfl P ﬁ?eogfaFﬁ ﬁFS?@ﬁPglﬁbénPFSHuEﬁpf (A ekipdeeerized
in that the stteptbé fieoduckibgpthe titanosilicate conprises four steps,
that is, a step;of 30, eating a m xture containing a tenplate conpound, a
bor on- contalnlng conpotind, a silicon-containing conmpound and water to
obtain a precursora(ﬁyepa0§tépabﬁngctde acedtingatkd olreaumedrpr@gur sor

(A); a step ob,beahbAG:at Qﬁeogéébﬂﬁds@‘ébdt%gﬁhgg RIERUES QI LBk o 00t her

with a 35 mixture containing a ti't &ni Ui “cont ai ni ng
conpound and ﬁﬁPEFlFéHBbFaFﬁmﬁlB?@CGP§QQHOE» a amdaalgmepootaﬂmnably

cal ci ni ng thecahbauﬁadaﬁaeQUE§9rtwfb936934é2$rBGEE§BQ3/%§15éndf 22 (B) to
produce the &gtangg %gcate course, a step other tﬁ ‘t hese may be
S

provi ded bet EPfve steps. The first step is described bel ow. The
first step 5 in taespepduﬁtcamcanQQSShéfptébaB§§k|RB@thQELh@@ ipr esent

venti on (11 nkscasshen.al bgali0g.a ThATUEE, contaraig a template

conpound, a boron-contailni npound |n|ng conpound and
wat er t%ﬁ obt ai n anY§§gié@ne(MWW type titanosilicates in general can

be synthesized by a conventionally known direct synthesis
method or a post synthesis method such as atom planting.
In the synthesis by atom planting, for example, a
molecular sieve having an MWW structure containing boron
20 or aluminum is first synthesized, then at least a part of
boron or aluminum is removed by a water vapor treatment,
and the residue is contacted with a titanium compound
such as titanium tetrachloride.
On the other hand, the titanosilicate of the present
25 invention can be produced only by the production process
of the present invention (II) so far. The production
process of titanosilicate of the present invention (II)
is characterized in that the step of producing the
titanosilicate comprises four steps, that is, a step of
30 heating a mixture containing a template compound, a
boron-containing compound, a silicon-containing compound
and water to obtain a precursor (A); a step of acid-
treating the obtained precursor (A); a step of heating
the obtained acid-treated precursor (A) together with a
35 mixture containing a template compound, a titanium-
containing compound and water to obtain a precursor (B);

and a step of finally calcining the obtained precursor



10 The "tenpl ate conmpound” used here is a conpound having an activity of
specifying the structure, particularly the pore shape at the synthesis of
a zeol i t ewolam74agl an MAW structure. This conpound is not PpangPoxhsr |y
limted as long as it can be renoved | atery 15 by cal ci nati on. Exanpl es

t hereof generally include a nitrogen-containing conpound, and preferably
am ne and/or quaternary ammoni um conpound. Specific exanpl es thereof

i ncl ude pi peri(8)néep herdoeehyheneiitbnesabdtatea nOEt ubersthenestephowever,

Lhe present | BYgALI phabis ekl ROV B8 B0oRALA! 8. ThenboLancoRygund whi ch

can be used in the first st not rcul ar erred
specific exafpPES - t her eof |nclude borlc aci d, homever this can be used

also in the form ofnha ?9%§€es§85hlésdéQQkEHbQOEQESW 25Fﬁgeflrst step
silicon-containin npqund  whi ch can be used In Irst step i1 s not

particularly FPan@dpﬁﬁﬁugﬁéepfPEocﬁﬁénﬁﬁe§lFﬂ§P§éﬁlFﬁ§ﬁu§§ §hei cic acid,

silicate, S|Ipeeaenexudeenenth@mImahsda sEéﬁEQfShbhﬁﬁﬁ hehh aalkyl
orthosilicates an collo n ang case, ﬁl purity conpound

is preferred Bt %éP%PguFangp#ﬁkFh8°m88§8 of & cBPFBPdﬁPn§gFP&89 a col | oi dal
silica havingcampsnadl], al kaliconatentaisipgetempedndThadr ahikerotoboron to

silicon in thg xpuge I flrst step may preferably be, in terns
of the nDIar Eghra %opyggggﬁgF iﬂ? ifcon = 0.01 to 10 : 1, nore preferably

boron :1&ilicon = @h95"t@mglatQ CgmpbundﬁrBSpdeherabhy abopwpounsgi | i con =
0.3 to 3 1. Aﬁad@ﬁérhﬁegc¥€b9§§08§4§%e8§¥§§383£§é1§€ructé§e,here'nbelow

when the precursor éﬁ% is to be synthesized an al kali netal -free
condition, thB2GELCBEAELYaFhe PaﬁﬁuﬁPaEF Bbr 5Rci sYREBESdEr Pf BRnZE@dRtR

case, it is peeiryred uWat sboteBureSi| TEOB Eoflpduh@ 2s: ndt nNore 5 _

Phe mxture veeheiniieREorruteafepomonp ahel-aoPgoobe ERICEFHs JoteEhe

mol ar  Yoati o, bwacetcingtlionson ExBmpbeB06herdpfnygeeeprndiigr dhtyudeater

silicon = 15 £9¢pQgenlcontaining compound, and preferably amine and/or
quaternary ammonium compound. Specific examples thereof
include piperidine, hexamethyleneimine and/or a mixture
thereof, however, the present invention is not limited

20 thereto.

The boron compound which can be used in the first
step is not particularly limited. Preferred specific
examples thereof include boric acid, however, this can be
used also in the form of a borate such as sodium borate.

25 The silicon-containing compound which can be used in
the first step is not particularly limited and specific
examples thereof include silicic acid, silicate, silicon
oxide, silicon halide, fumed silicas, tetraalkyl
orthosilicates and colloidal silica. In any case, a

30 high-purity compound is preferred but particularly in the
case of colloidal silica, a colloidal silica having a
small alkali content is preferred.

The ratio of boron to silicon in the mixture used in
the first step may preferably be, in terms of the molar

35 ratio, boron : silicon = 0.01 to 10 : 1, more preferably
boron : silicon = 0.05 to 5 : 1, still more preferably
boron : silicon = 0.3 to 3 : 1. As described



10 The ratio of the tenplate conpound to silicon in the mxture used in
the first step may preferably be, in terns of the nolar ratio, tenplate
conmpound wogBl7aen = 0.1 to 5 : 1, nore preferably tenpl aCe/Jeaieind :
silicon =0.3to 3: 1, still nore preferphly tenplate conpound 15
silicon = 0.5to 2 : 1. Further, it is also useful to add a seed crystal in
addition to these raw materials. In this case, it is sonetinmes possible to
expect an eff beredohbshowt ewmhag the pregystrabki zayi da tbnbeosypthaédbeg a

product haV'ngnaegoaﬁnghkaﬁﬁrhéggﬁ %Eéghﬁéﬁdﬁgf eeghgrxggaoFr %.

preferred to use a substance having ﬂre or "a
simlar to MWrSUeh as bpéénrsérHEﬁGSSﬁﬁy hari agch kagased strmsture

(e.g., MM 22,¢Bkbrruhi €habagorBheli Bl nachhy=bgen synyhesizegd, Lt is
particularly 55 preferred to use a Iayered structure precufsor or an MW

type zeolite BHBEPEAREYCBAEARNF n§1baEBA. =Fdr texanpl &; is possible to

add a part of a pr@ﬁér§§E16A%f0@h€éBe€o'BllRBSnpﬁﬁttﬁbrﬁExﬁﬁﬁe ub8dain
m xture to be step as_the seed crystal. The timng fo

sed.in the
the addition 55 ﬂéFEBfSngnH?YpBF?ngPQFbeFVn%?eﬂerﬁﬁtoﬁtth§ B6§§Fble
that all the ﬂahéb ramténtersalscahe nbxed, 2bbe:seedmoeeyptakerapagded to
the resultant gkégure ?QQ hher§ the m xture is stirred and t hen
heat ed. As the anount Phe se 8ta| to be added, the nolar ratio of
silicon @5 cont ai n8dei nathe Qéeﬂherysmaﬂate thepeithdcon Bmlihen in the

si |l i con-cont ajnkRg+60 ngpnt e r ma preferably
be a ratio of seedrcrgggglg? g%?nfgégg3?8$§2 %YPgﬁ%ﬁggéﬁgg Eﬁ Xn raw
material =0.008%"8. 2f1 hRoFelpFeraEanl ytompdate. ggmpounds tﬁélaaantron

anount is to soal ko Bt:is deEbCpkbbeabQ?t@bﬂplﬁ@eaEQM§oﬁﬁat'OBQQLQBEECt
If the addition ng é |s to a duc V|tg g@ becone | ower. 5
Po3a e

It is possible éofpol a n@P68|HS gﬁra &IF SEERCHE %S Gdi um

or pot adssi um sahdcbn sub6hSatcage:t he crystallization time can sonetines be
FhoTLensc, LD 9on¥lbnalhe.Br 65588l Bl LoTEHA, Lo RAal BELLEE 1o

addition to these raw materials. In this case, it is
sometimes possible to expect an effect of shortening the
crystallization time or providing a product having a

20 small particle size. As the seed crystal, it is
preferred to use a substance having an MWW structure or a
structure similar to MWW such as precursor therefor
having a layered structure (e.g., MCM-22 (P)), which has
preliminarily been synthesized. It is particularly

25 preferred to use a layered-structure precursor for an MWW
type zeolite substance containing boron. For example, it
is possible to add a part of a precursor (A) obtained in
the past first step, to a mixture to be used in the first
step as the seed crystal. The timing for the addition

30 thereof is not particularly limited, but it is possible
that all the other raw materials are mixed, the seed
crystal is added to the resultant mixture, and thereafter
the mixture is stirred and then heated. As the amount of
the seed crystal to be added, the molar ratio of silicon

35 contained in the seed crystal to the silicon in the
silicon-containing compound to be used as main raw
material may preferably be a ratio of seed crystal : main



10 el ement other than boron, alumnum and silicon into the franmewrk of a
zeolite substance, or it can pronote the reaction of a conmpound incl uding
titaniumwoonsgkf to formtitania or simlar conmpound. PCTIJB0E20& | - Known
fact that titani um does not enter the zeojite framework 15 in a good
manner, if an alkali netal is present in the systemin the case of
synthesis of titanosilicate such as TS-1, and the added titanium source is
i ncorpor at ed the mpreddetl &9 .000aR0a20M ,t morspeciedsrabiyl ar. 004 ~0i.0&nila.

However, in the %@S%@h lt'l%?xmahxgﬂ te&%nt\e!ﬂgﬁaa@ al;kaliiy 20 (FjLah ¢ used in

t he flrst st ep, is a 055|b e stantial’ly remove the a %ka
metal in the QQt@lntﬁ@&tﬁ@ﬁﬁet§@@6ﬁ9n§ﬁe§ﬁfe§¢|orIﬁotbﬁeadﬁéﬁl@m

i ntroduci ng theumet als %BGQE%ée'nE%etB?oﬁh@%§W9E§ @Eﬁlrgeébﬁg)lowe

Accordingly, it is _also possible to use an al kal irst
step of Yhis inventitosS Eﬁésﬂplﬁstﬁo§§ﬂbﬁecoﬂﬁaﬂnénl&PQéﬂ#nﬂeﬁ@Iaﬁ§aéﬂesent

in a nolar rathansu%hk&bls6ﬁh@h orsbbE%@@lum, a @0in0gdch a”%%%e the
preferably about As t he al kal i %@ égurce ere are

th
hydr oxi des, nFFVF&a&gl&a éPPstl@ﬁISFPdéQme§&WF§r Patspedal t <7 salt of
ot her netal ageterhit, aheygrexicdecont hokale m&%aﬁD&hnp@&bQﬁﬂblﬁ be used.

The heating t r re.d fi,rst,_step.i.s .no par |c arI imjted.
However, in t%%%%§§%§o%ucgy%gﬁgsﬁ§iﬁ&ialﬁpé%&Fs%Pe s ﬁé?‘ﬁﬁ%f%}ably

be 35 pb@for med etedér ottherhydeot boreal, raéammam,cemdu SuclnsonTh@ttoertthe

“hydrot her mal feaglleRk’ o&S JUsed 1ML HIRANS e a%r QQSQV ddddte th
"Hydr ot her nal React,i on" of Hyoj un Kagaku WO 03/0 421 PCT JP03/02154 - 25

Yogo Jiten (GLESSELPTf Gf QtéﬁH@P@néhéﬁP§PF9Pg Eéﬁﬁmpé@ By iNSSPdn Beagaku

Kai, Maruzen &M&mﬁhlignlh9%k)s1@1$ﬁ&th©&@%un@r ”QQIEBCQtW@lﬂﬁﬁﬁihpn
perfornmed in the

h-te rat art ar
hi gh- t enper at Lfragth:ﬁH%%h d‘F@?SLHFIe g%%l 5 §|rt| FOB'& %lr v>s£°rrkt=3acti on
usi ng th2 hydriot kegosld meackirgn iifs anefadikedd tetad 1%hp¢@@@menﬂ the

syt hesi o ASHAANALY wLhe eating il dle L o S8BT L TSrADLY, be

per f or med by pfacing a mxture con ning a ten%late conpoun
TS-1, and the added tltanlum source 1is lncorporated the

product as titania or the species similar to titania.
However, in the present invention, even when an alkali

20 metal is used in the first step, it is also possible to
substantially remove the alkali metal in the acid
treatment (second step), prior to the step of introducing
the metal species into the framework (third step).
Accordingly, it is also possible to use an alkali metal

25 in the first step of this invention, and it is possible
that an alkali metal is present in a molar ratio of
alkali metal : silicon: = 0.0001-0.2:1, more preferably
about 0.001-0.1:1. As the alkali metal source, there are
hydroxides, nitric acid salts, chlorides, sulfuric acid

30 salts, salt of other metal acid, but a hydroxide or
borate may most preferably be used.

The heating temperature in the first step is not
particularly limited. However, in the case of
synthesizing a precursor (A), this may preferably be

35 performed under the hydrothermal reaction conditions.
The term "hydrothermal reaction" as used herein means, as

described in "Hydrothermal Reaction" of Hyojun Kagaku



10 contai ni ng conpound, a silicon-containing conpound and water in a

cl osed contai ner such as autocl ave, under hydrothernmal synthesis

condi ti orwOo®B/oappl yi ng a pressure while heating. The tenperarPuyeiswmy
preferably be from 110 to 200C, nore prefgerably from 120 to 190C 15 If
the tenperature in the hydrothermal synthesis is |ess than this range, the
i ntended product may not be obtained or even if obtained, the heating may
take a long tbae andenhhiislossaely fvacbttaabar@nChbaietiren ,havdpiilked blye

t enper ature exceed his.ra , the Li fo.t 2 Lnal Ly [
titanosiIicatglapgédgﬁﬁggaegggvyhaéggggaiéggc?hgshyg?%%ﬁér%aﬁgg§ﬁfﬁggis IS
usual | y used beor madifiicetpeni ce¢aotinhparfotrsed0idaybe Phreskpdeovifer nal
synt hesis ti Ry o] 1Q.day e
hydrothernaln@;ﬁ?hggﬁggggggg¥sg 5%%'?hgﬁggﬁ?zag?gngégﬁc?e§%§FF%§§?iqn may
proceed % nsuf hiteheptregsugef giofteri.n &bt RRACEAGUAKI gB- FEFRLOLHARC & eprEdPisor

(A). On the gthey hagdnhyeveRnelnbherByde9bher gak-c3¥RtBESkS iag perfornmed
for a tine period exceedi his range, the 30583@;0r nce of .the ,precursor

d ng t
(A) is not subS¥dneirieryelesyateedisue r aCFeF se LOFF 8RS 1RGy e caused
such as convehnsi garsit gtephamyphasEcenbilpcbeaper@brinkd pgr pilekdngsiaze and
this it not prefgrred. The ,second teg ig descri bed bel W Eﬁe second step
35 is a step B¢ 8?8—FP8§Fﬂﬁdn@h@ %Fg &P 8r08ﬂ?°8 &i fed ¥ the first step
or firsié2 stepnteiohng coapdelnd,orasedicsnt-coatein@®g08oopdt2t and
PCT{JP03/0215%atér2§n he 1§ u%%%%a&ﬁ%rogh@%aﬁg 10+ 108 ol StupleeP may be
subjected as it i's to the acid treatnent but en the_ predursor is
cal ci ned (fir $wdzoshepmaefsamd heisd sacicaditioasmedt apd ifer dair@ssure
aci d-treat ed, QRN ARG .t hanR E%%@%%@%Kr%a&a@eFﬁﬁﬁﬁéﬁﬁﬁﬂyﬂﬂéﬂﬂﬁbnfe”DVGd-
Her ei nbel ow, _the precursors (A) obtained in thé first steg and first-2
step are incl d3i0v&Py 208f & 8@Lo PESTeppRdyr &P ARC. TPnéd %%eGn "aci d
treatmens” as used IHer@ien HERRM ataeR! dat ithe \Wyldrocdheawiad, symthesis is

SpeCIflcalyy’l%%sc%%%%p%h%s range, the intended product may not be

obtained or even if obtained, the heating may take a long
time and this is not practical. On the other hand, if
the temperature exceeds this range, the purity of the

20 finally obtained titanosilicate disadvantageously
decreases.

The hydrothermal synthesis is usually used for a
time period of 2 hours to 30 days. The hydrothermal
synthesis time may preferably be from 3 hours to 10 days.

25 If the hydrothermal synthesis time is less than this
range, crystallization may proceed insufficiently to fail
in obtaining a high-performance precursor (A). On the
other hand, even if the hydrothermal synthesis is
performed for a time period exceeding this range, the

30 performance of the precursor (A) is not substantially
enhanced but rather adverse effects may be caused such as
conversion irnto other phase or increase of the particle
size and this it not preferred.

The second step is described below. The second step

35 is a step of acid-treating the precursor (A) obtained in
the first step or first-2 step to obtain a deboronated

silicate.



10 solution containing an acid, or an acid itself with the precursor (A
obtained in the first step. The contacting nethod is not particularly
limted awooaomathod of spraying or coating an acid or amCagPeB/®ad4uti on on
the precursor (A) or a nethod of dipping ghe-precursor (A in 15 an acid
or an acid solution may be used. The nethod of dipping the precursor (A)
in an acid or an acid solution is preferred because this nethod is sinple
and easy. The acid (& §xacutiar stlep ok imedann riﬂregﬂnst atieh n@y diegani c

acid o a salt deraned Soeci I 2 MHLLAIELRAIIES 10l L N9l 9ani ¢

acid include a drochlorlc aci d, sul furic aci a n| T hd a
phosphori c aci d’r%ﬁ’é?ﬂqq clsprcéf]éTrJff&ﬂ dmsites Gftehe befiqganitheaciaid ncl ude a

formc acid, arraceiMahtacnd ﬁheﬂ@éﬁﬂé¥“d&fﬁuﬂ}é¥ﬁéda13336H'fh%} éjthe
Exarrpl es f thcqEr %{t 25 ther i ncl ude an ammoni um'sal t e case of

usi ng the aci d as 8§ St tciaan & FOTS QL e renavedhot Begedinha lam v

limted. Speci ftihe m@qﬂmmf )heammll\t@ait iinhehed e iwatte st e %@'ﬁms@ﬁ}ers
30 The

esters and ket 10y wat er ui.t abl e.
concentration %sr%%zjl SO ng‘t%croa%t%‘sfce yarrleferlrle {€d Aut" Hrﬁé’u&ﬁodf |(§“‘)sm tably
used in a concent r atlilen tegim 0. atitdo ti@atmienti't ess. uEIeel Weeﬁqnﬁmtean‘ﬁ;y be
perforned at  adnenReriHULS f 200 rabl rfqorned at
50 to 18 nor e prefé}a 'y frg%iE% ﬁggg gg%%l$ a lgdt 4%%%? & from
0.1 hour Qo 3 §Ry&Eiony &P&%Wnﬁr@m Echdur ort @nla@ayl llttselils? a»IJs:ch pbssi bl e
to conduct theprpeieselr (e MR03E0T 442 LnRCE1IBISLALEDE me? borlilslinty

ua

step -> second s ? %1plural tinmes, i.n order to mni Ze the res
e

content of bor 8. IEhitoF P& Hce lagdyr iLiad teel end Thaetioddoftep is a
step of heatlngpthgl@@b@mon@b&dn@lbmcabadobkabﬁe@cha s@lhﬁﬁo%ﬁ%ﬁﬁ@h%tep
e o aPRBREAEE S U SR BRSO Sy (o
"t enpl at®> conpd@n@cids oxs e ﬁ@ﬂdlﬁqlgtlsmnmharb¢ utsedt. hatrhes e thddt e fir st
step, a conpourdpbavigh@hdNprecursor (A) in an acid or an acid solution

is preferred because this method is simple and easy.

The acid used for this step may be an inorganic
acid, an organic acid or a salt thereof. Specific

20 preferred examples of the inorganic acid include a
hydrochloric acid, a sulfuric acid, a nitric acid and a
phosphoric acid. Specific preferred examples of the
organic acid include a formic acid, an acetic acid, a
propionic acid and a tartaric acid. Examples of the salt

25 thereof include an ammonium salt.

In the case of using the acid as a solution, the
solvent therefor is not particularly limited. Specific
examples of the solvent include water, alcohols, ethers,
esters and ketones. BAmong these, water is suitable.

30 The acid concentration is also not particularly
limited but the acid is suitably used in a concentration
of 0.1 to 10 mol/liter. The treatment may be performed
at a temperature of 0 to 200°C but may preferably be
performed at 50 to 180°C, more preferably from 60 to

35 150°C. The treatment time is from 0.1 hour to 3 days,
preferably from 2 hours to 1 day.

It is also possible to conduct the cycle of (the



10 activity of specifying the structure, and/or pore shape at the
synthesis of a zeolite having an MAW structure. This conpound is not

parti cul awby3bi4at ed as long as it can be renoved | ater PETOROIO2M54 | ON.
Exanpl es thereof generally include a ni brogen-containing conpound and 15
speci fic exanpl es thereof include piperidine, hexanethyleneimne and/or a
m xture thereof, however, the present invention is not limted thereto.

The tenpl ate gpppoLndsussd sdduhd hivedh )StAR Y tited he s RIS €
different fromthe tenplate conpound used 20 in the first step. The

titani um cont®ihinyzeorpounes ineh camtert ®edoFenihe third step is not

particularly limtege SpeeHlEEepexanmbesr fhed NGeldlani tie CORLAHNEBED
conmpound i ncl ude titanium oxide, titanium halide and. tetraal

> Kyl 25
orthotitanates® howetRrottheaprRechiei ARRMEPHMEFS %b}lc?Fﬁi?Eéa%ﬂgﬁe%B.

Anong thkese, théanecondhabtdp abdethet raptkys mitbotétesatesnane areferred
in view of eag% fnd Si%ﬁle hgndlegb%litg. Specific suitable gxaggles

t her eof i ncl utf@™RTT5Ri CHPREPAL | GoF BRI PRTTRETAYTL3D SrTRITFT a4t e,
tetrapropyl owdtetitanabeaandatpreabunsyt (Bythotitanate. A water-soluble
titani um peroxide Lch, ] V] reagcti ant] I Umn CQE nd
hydr ogen peroxidéFQ% a%eéﬁgg%ge&gﬁg?ﬁédpr%%eé%%% %%%%gﬁngg}TﬁgHgggga sor
(B) obtained td thatthéed snepheafibet SEepyne heehpedndyhprépgoasly mi xing

al | of jighe acidetyealedes PLECYUESOR (€l)1e°§’£fﬁé‘€9ré8 éﬁg/éﬁcﬁageséﬁe\%ea

tenpl ate conpound, a titahiumcontal ni ng conpound and wat eér an
03/ 074421 PCT*HPbBe02YnhesipgofhaatpAYlERchaY kitr 80t YW PePEBRATHYS0- cal | ed

hydr ot her mal TByBt besbsusénikbanby partheulhrsy simptedhesorday ak dikxing is
not particularly limted. _.For exanple, .in order to_hono eni% ethgfraw_
material 5 c%ﬁ%og?tF% oved ??tﬁFe r FRUCERALLGR £ FEFTP eﬁlxﬁuFS l'i qui d
conpri si ng wagenerallignphaledeoapoihdpgandcehtakningoabmpriing eodpound i s
PP, T RhIE 0 o RIS REEUE el Mol ded iy, e second st
hexamethyleneimine and/or a mixture thereof, however, the
present invention is not limited thereto.
The template compound used in the third step may be
the same as or different from the template compound used
20 in the first step.
The titanium-containing compound which can be used
in the third step is not particularly limited. Specific
examples of the titanium-containing compound include
titanium oxide, titanium halide and tetraalkyl
25 orthotitanates, however, the present invention is not
limited thereto. Among these, titanium halide and
tetraalkyl orthotitanates are preferred in view of easy
and simple handleability. Specific suitable examples
thereof include titanium tetrafluoride, tetraethyl
30 orthotitanate, tetrapropyl orthotitanate and tetrabutyl
orthotitanate. A water-soluble titanium peroxide which
is provided by reacting a titanium compound and hydrogen
peroxide is an example of the preferred compound.
The precursor (B) obtained in the third step can be
35 synthesized by previously mixing all of the acid-treated
precursor (A) obtained in the second step, a template

compound, a titanium-containing compound and water and



10 liquid conprising water, a tenplate conmpound, and the

el enent - cont ai ni ng conpound nmay preferably be a uniform solution rather
than slurwg03and2it is desirable to devise the kind and ecmdesdeass on of
the el enent- containing conpound or m xinggcandition (tenperature, 15 tine)
so as to achieve such a solution. The ratio of titaniumin the mxture to
siliconin the acid-treated precursor used in the third step may
preferably behdatirey nsheofmiheimoltar geatorm td tssviabnllesd IHyedrotiefHl to 0. 3

1, nore prefer | fani e =0.005 t0 0.2 1, still nore
preferably ti%gln%uérﬁ%égwc%a%@&%%eo %‘Yg& élt.eprhe ratio of water to
silicon in the aci dChe etder qf etiurisnr s ndte pattricwhaspl yrelimpiteddr abl y be,
in terns of tihg lapIAlith NS to HddsfhHd di 200, indveBIL 25
preferably water : sjiljcon = 15 to 50 : 1. The ratio of the tenplate
conpound®t o sidIRRP I Uhe Ladiy-RESREED SRR S T tthe & MECwtRp may

preferably be,iguid efdfpefs e waler, ratdnptoml @ SpPoWKl @ silicon =
0.1to5: 1, re preferably tenplate conmpound 30 : silicon = 0.3 to 3 :

1, still rnore eﬁ%‘f%ﬁ%ﬁ%ﬁt%%ﬁ gpowmﬂds PLERGR&Shy 20yl 5£hQ) 3C1dks for

t hed_co_ndi ti on&nﬁaﬁgcgrgné;carmhr sop?)_t hesiw dey J‘hhecbli@isréblcﬁicgmtl_%@ejéaﬁem
condi tions as cribed for t i,rst. step may_be applied. ver, en a
conpound 35 coi d:lel({nitnogdctlrll arnelsdﬁﬁasntcdmﬁ?sce%rg%‘t iFHthtﬁbeDrtphiﬁbe é?lébvfu¥? i's
possi bl €0t hat ltilesigH exprepsl sy hesiess candidnilmtes campsinder and thdé f er ent

fromthat in thefddstcSHeRin ' g:’g[ngg]o%% n%g/p;rﬁe%é%ﬂﬁ klw% £%niform

Particularly, wth respect to nperatu nd tine,” Is desirable to
sel ect the comAYYGPHeFEMENGERAN tHUL R erfeit -dontsidesigraokpound to be

co-present, s@ieAsided tHY Qe AN idERdad- RSOt {B)e Na¥d Y- a hi gh
purity. 5 1In additti.on., as_an enbodinent of the third step, it is also
possi bl e to usEH ST ISTRAYP QAT FHIE %}éﬁijé?]rf’rh SRR M St ure X)

of the &Bid-t reatesd sprec wresarctaidrd had enesd b ni ng conpound provi ded
in the second step.qand. A 18 4418 Ofn M8t & AN ELEP! & & i1icon in
the acid-treated precursor used in the third step may
preferably be, in terms of the molar ratio, titanium :
silicon =0.001 to 0.3 : 1, more preferably titanium :
20 silicon = 0.005 to 0.2 : 1, still more preferably
titanium : silicon = 0.01 to 0.2 : 1.

The ratio of water to silicon in the acid-treated
precursor in the third step may preferably be, in terms
of the molar ratio, water : silicon = 5 to 200 : 1, more

25 preferably water : silicon = 15 to 50 : 1.

The ratio of the template compound to silicon in the
acid-treated precursor in the third step may preferably
be, in terms of the molar ratio, template compound :
silicon = 0.1 to 5 : 1, more preferably template compound

30 : silicon = 0.3 to 3 : 1, still more preferably template
compound : silicon = 0.5 to 2.

As for the conditions of hydrothermal synthesis in
the third step, the same conditions as described for the
first step may be applied. However, when a compound

35 containing titanium is co-present in the third step, it
is possible that the adequate synthesis condition is
considerably different from that in the first step.



10 conpound (m xture Y) are charged separately, and the mxture (m xture
X) of the acid-treated precursor provided in the second step and the

met al - corweaioaiong21 conpound i s caused to contact the vapor Poff/Jwed/@isdand t he
tenpl ate conpound. In this case, there is;@ perit that 15 the tenplate
conpound whi ch has not been used for the crystallization can be recovered
easily. The m xture X can be obtained by a nmethod wherein a solution of an
el ement - cont aiPrairmgcmdmdlyndwimhdir&[s@res:ed tol I’tthtehttea@iedatﬂue:&lat %dldpﬁﬁ.@fw sor

obtained in t c |for

i npr egnat i on, Ilg is: %%ﬁlat%qe then Ci e&w%ﬁgn&h \}é)ﬂ ?%@%gl&l@mof"‘e&:hq tis

preferred to Gé@mﬁmﬁﬁgmﬂt@ﬁmé@@t&pmpﬂgndo¢po@@dcwhmahsemm ls@ fagr oed i nto a

homobgeneous sgl-uiii@R AF0% ne%aERKe eEu 5B P, %fe%%%qn u%ﬁg% %ﬁ%g%, d such
X

as titani um peroxi de 25 which can beotaln by rea
titaniumand aquedds 3fditdedn BEr XY G@boﬁh@e@fcylorfgt@@n L rsosdiedted t by

vari ous met hods au@la) @ﬁ:s@ﬂbl@r Yohg sl af @elkahameRtuLR] YREHYR drying at
hi gh. tenperatu e. general , an,aqueous solution i's frequently used, and

30 therefore 1" eF§l§’u1af TEPREHE S dMAFFEEE Khe Ofr Jigg 2R d50-regdef or 1- 24
hours. The engrpoumscaf ankie tdeyelgmes tsohtatihahgt RSmPREKE bridy iaesr ushabl e

state. The m r obt ai,ned by m xin Iate conpound and
water. 35 In ?hg ?%Ob SQ%Phoandtﬁem%%ﬁﬁrgf &h&a%€EE np %% be

used, tHe ki ngompouhd drémsurecdnt arei nhargedpsepd raaely, cemplr esent, the
ratio of the glemark Qﬁh&ﬁu@g Qﬁ/g%4%%£ g?I@J@Q%%Q%%F?recu%%o co- present to

silicon in the precursar atio o ound to
silicon in thBrBVééGﬂséP-ﬁﬁ? BeconHde s&&ipe aasl ﬁh@s@a&§hiagnhdyaimq1the case

of the above- cémpeuinbed snetyakahyer @bh%':a@%' t%)énb%%'xsoéwg’c%xf a0 +9fe Wat er
to silicon in the grecursor is different fromthe normal dr.ot her mal

synthesis in CREPL§4EGTLMBMEge, IQn& ﬁﬁycﬁﬁgﬁeFQSF? e @nnﬁgﬂﬁst@@inolar
rati o, Mater thsikteoplat@ @bmbbuhd mhiehphatenall bheed uwsRIEFor $Hd con

=0.1-10: 1. crystallization can be recovered easily.
The mixture X can be obtained by a method wherein a
solution of an element-containing compound is dispersed
in the acid-treated precursor obtained in the second step
20 as uniformly as possible by use of impregnation, dipping,
etc., then dried, and pulverized as desired. It is
preferred to use a titanium-containing compound which can
be formed into a homogeneous solution. For example, it
is preferred to use a compound such as titanium peroxide

25 which can be obtained by reacting an alkoxy titanium and
aqueous hydrogen peroxide. The drying can be conducted
by various methods such as air drying at room
temperature, vacuum drying at high temperature. In
general, an aqueous solution is frequently used, and

30 therefore it is sufficient to effect the drying at 50-
80°C for 1-24 hours. The end point of the drying is such
that the product in a crushable state.

The mixture Y may be obtained by mixing a template

compound and water.

35 In the dry gel method, the kind of the template
compound to be used, the kind of the element-containing

compound to be co-present, the ratio of the element being



10 The nethod of charging the mxture X and the mxture Y may be any

nmet hod, as long as the mxture X and the mxture Y cannot be m xed with
each ot hewownlegigi t he' mixture Y is heated to be vapori zedT/JPavo2esanpl e,

it is possible to achieve such chargi ngsgy-a nethod wherein the 15 m xture
Y is placed in the bottom of an autoclave and a container containing the
mxture Xis hung in the mddle part of the autoclave. As for the
condi ti ons ofconypiresdiet ned sihtdwsisnithe theedirsar stapd the sapko of
conditions a i o) i : o8 j ther, it
is also possis%kﬁisttg%m%%%%% né%rﬁﬁf;ud?%?te% . alycz(élgdlgﬁ%%%%%%&é% cﬂ%rlﬁﬁaﬁga

zeol i te substEMReSHE®i dY theshrae-RTRNSIehall otllereassteiicthe eabpye-

nodi fyi ng t hedesd 2B @f ndfa BUPRIROSHd o ofyh @y S5 by conducting the 25
fol |l ow gg between the third step or third-2 step and the fourth step.

third-3°step a st epr®FIrHetR iy YHeLHrier s SbkCTB) 1pLERS neEeFWESPe 16hird
step or ac:cd diﬁﬁff@@f@ﬁ@tﬁfﬂﬁe Qmﬁilﬁ@l}i’dhlcc.’lf)ﬂ@%ﬁ@?l héiﬂ%ﬁe§i§piﬁntﬁ@?
presence o we 1 N agen SO, as (6] S ayere recurso (6]

t her eby nodi ?%/ds‘?%%a%? g The ‘%%e%%%%%fry ore | %e?%?rﬁ%? FRLtBw, t he
precursors (Batbbtaiweder n: aniylofon the. A i I8: 5t eporé hpraf@ravep And third-3

step are 35 ipglusivel rL tpo,as "precursor (B)", in sone casses.
The "swel | i ng agent™ t%&%é?ﬁse@g}n hg'third-s step WD 03/074421

PCT/ JP38/ 02154 - Bhie nethed sperghdeging e aeixoarofX pemet tlae i ngxtntre a

posi tion bet viegiay a¥&r snPfndchyer £y WEGUSEnd o Ay rMWVLypecgeol ite
substance, by jntercalation, etc., and as a result, enlarging the distance

. t :
bet ween the ITEFEre of SC3PRYeOYe Shered (kLD rReR sPFheTHenkews | ¥R agent s
not particulmitiyuteé nytegl, hestddNgo aSe | Faani HEJ [ eNBYLeR¥mpT&) cipatkon. In

LA PNONEN SR RES. 0 S TECETINIOEE ORR YT 2 i O
15 mixture Y is placed in the bottom of an autoclave and a
container containing the mixture X is hung in the middle
part of the autoclave.
As for the conditions of hydrothermal synthesis in
the third step, the same conditions as described for the
20 first step may be applied.
Further, it is also possible to obtain a modified
layered substance rather than a zeolite substance having
a three-dimensional ordered structure, by modifying the
state of the superposition of layers by conducting the
25 following between the third step or third-2 step and the
fourth step.
third-3 step
a step of heating the precursor (B) obtained in the
third step or acid treated precursor obtained in the
30 third-2 step in the presence of a swelling agent so as to
swell the layered precursor, to thereby modify the state
of the superposition of layers.
Hereinbelow, the precursors (B) obtained in any of
the third step, third-2 step and third-3 step are
35 inclusively referred to as "precursor (B)", in some
casses.

The "swelling agent" to be used in the third-3 step



10 preferred exanples thereof may include trinethyl amonium salt and
triethyl ammoni um salt having one al kyl chain of 8-20 carbon atons,

di met hyl womwonram salt or diethyl anmonium salt having twoTAPORW2EH an

al kyl chain. Further, it is also possiblg¢;to use a primary or 15 secondary
am ne conpound having at |east one al kyl chain of 8-20 carbon atons, or
m xtures thereof. In the case of quaternary amoniumsalt, it nmay be any

of chloride, 1slora@mmnmy1®rvd>nigda,n amlidmdidiepeln@ttﬂactle@sanafo Ralide, it is
preferred to uUse r t gobt.ai ned b ol st a part of
the halide t(?%séLtgc?%v @’(?ennﬁ'@ YRF&r Ski &e al ﬁ)ét %530&:6@?&”? of*faqueous

anmoni a or aﬁm—rta’rpeqw&todmmr ¥ ubnsrtamicen gl unﬁm‘ra:aésiw.@tnr,almtdly,l arghmoni um
hydroxide, teflyaethyl, an pre erglé%f 'd%lsac%‘i‘xcet%rt re%p h AR MM,

hydr oxi de Parti cul ar exanples of e swel i'ng dgent may
i ncl ude>| aur ythenah Yné‘M%Ml atrmomrmmlomu dé‘hebrSMﬂldénghme@tl de nsdtyl

trimethyl ammpiiymchian denieem de 1hydr @6 de. e lrenddvidetddy!
anmoni um chl ori.de, bronide, hydrOX|de i stearyl dinmethyl amoni"um

chloride, br&fldeRai@oxi d& 9836 étlo. ithéd St ARFeridler &9 Msehé third-3 step
is not part ismﬂfardt;anlﬂ mptx@i,erlamyi ta i sfedinlrive @ nisen rsaﬂna drenperature
to 170C, nor e, ref%{a r%% qé 50C Wien .t he H. erature |} Qa hu%gf t he
precursor can pe di ssoiFed S ORE dlss 2 (S Eor & 314 s sar y
to seatCh a msfteadiesl @omhghe(sn therpof may dlnatlinde ytdimesrhiylg arreorpdm A pH

range of 10-14 .S 54§ @Q}eﬁch?& %Qﬁ}otn' afth% Oélq%?g%%l%iﬁcqh\] Pq_13/ O@tlﬁg

- 32 proceSS|ng inthe reln
processi ng" r8ef2é>r§atré>qnh@’qgm8\,+ald;@e¢thyd4 m@morb-yanm!m‘lm o dieghdsul t ant

mxture at [ QEHRIRTRC Y favaf tgerwa wwéﬁe A€ IAdyeaded precur sor,
swel | i ng agent, others, water "or all of the additi'ves such as quaternary

armoni um hyder%Ftﬂ’@r'I t-4 §-Sné&§%wst1@l§djt@stusten@ AOHRTY & the swel | i ng
agent, 1she amssdindeirit Ren il Sonpfurdd ey iy eeessatt aib tﬂecya.rrmﬂauof
quat er nary am?%'—"érg @/drb%g % otmos ,beoraclinc_jlex uresagcher ofovI 6}c,qﬁeadceacgjat e pH
of quaternary ammonium salt, it may be any of chloride,
bromide, hydroxide, and iodide. 1In the case of halide,
it is preferred to use a product obtained by hydrolyzing
20 at least a part of the halide to be converted into
hydroxide, in the co-presence of aqueous ammonia or
another quaternary ammonium salt such as tetramethyl
ammonium hydroxide, tetraethyl ammonium hydroxide, and
tetrapropyl ammonium hydroxide. Particularly preferred
25 examples of the swelling agent may include lauryl
trimethyl ammonium chloride, bromide, hydroxide, cetyl
trimethyl ammonium chloride, bromide, hydroxide, stearyl
trimethyl ammonium chloride, bromide, hydroxide,
distearyl dimethyl ammonium chloride, bromide, hydroxide,
30 etc.

The temperature in the third-3 step is not
particularly limited, but it is preferred to use room
temperature to 170°C, more preferably 50-150°C. When the
temperature is too high, the precursor can be dissolved

35 in some cases, and therefore it is necessary to search a
suitable condition, e.g., by relatively lowering the pH.

A pH range of 10-14 is suitable at the time of the



10 range. If the pHis too low, the swelling becones insufficient, and if
the pHis too high, the crystal structure of the |ayered precursor can be
di st ur bedwoan@744even di ssolved in an extrenme case. The pr ®CEFRIXQP1Ii4 e i s
not particularly limted, but 15 5 mnutgs to two days is suitable. In
order to nodify the state of superposition of layers, it is possible to
achieve the nodification to sone extent by subjecting the swollen | ayered

precursor aspsueasgmngh@nfenéthh§£§p3 tousyerpgekbihs Rhef eppedt2@nkhat the
swol | en Iayer recu is agitated or qusl or the precursor
WRBNSE PP AR Lpe

rt
i's |rrad|ated bRFESRADES §8 ﬁgstBOeFkchHIH9 eRPERLAEAoN
(del am nati onpyofheatukeéagt thepactsudtahbemiayeredatpreonr sempekatiber eby

forma so- Calg%gegaﬁgxggasﬁhgyggidgérgggggtUQScu %o%hlg %ﬁ%lhgrg%a§¥anple’

it is possible to trea Fecur sor uf t PSoni ¢ ation
machi ne 5haV|ﬁghaﬁsouwpuﬁrobrSQlWVoﬁ hbeeadﬂ@tlYeSanqheQStquatehaamy 30

The slurry afEﬁﬁohBﬁm'ﬁ¥§£o§iB@"aktoﬂs gecggsag CRYELA u@% $HEN a%unt

filtration and centrif % separation, EOSSI l'e that an acid is
added to the®Fi §fdSvTe ﬂéa@raaﬁgtprwba aBpunt2o§othe PEepusRBILetot BE

pre0|p|tat|onp@6ca@hed centienhs, aABdnther Hhetsehhdy3anmentiants are
separ at ed frog&the ggs d I|8U|d and %ecovere The third-3 step nay be

conduct ed af t 8¥IFREE VWeFB8A05243% BRTPIRYS 82T§4adeq§§ ®sPEp. It is
al so pdsxibIerhngeondmctthbethantaoslep, aheeswbheihhi bdcsep, W t hout

conducting th urth ste described bel ow, The
fourth step gn%gfggg%SB% 883 ?n%ﬁ H lBrgea E(Bf SbFaVﬁ§81|n any of
the third steptruhtnde20§tEbeahdyeheddPSesuepotocabtbendth&utb&dnosmblcate.

The net hod fogvggedgggg&gghlgﬂ of, BLecHRSOk gRerforned between the first
step and the second s
The proce551ng time is not particularly limited, but

15 5 minutes to two days is suitable.

In order to modify the state of superposition of
layers, it is possible to achieve the modification to
some extent by subjecting the swollen layered precursor
as such to the fourth step. However, it is preferred

20 that the swollen layered precursor is agitated further
vigorously, or the precursor is irradiated with
ultrasonic waves so as to effect layer exfoliation
(delamination) of at least a part of the layered
precursor, to thereby form a so-called card house type

25 structure.

In this case, for example, it is possible to treat
the precursor by using an ultrasonic irradiation machine
having an output of 50 W or more, for 10 minutes to 2
hours.

30 The slurry after the layer exfoliation can be
recovered as such by filtration and centrifugal
separation, but it is possible that an acid is added to
the liquid to lower the pH to about 2 so as to promote
the precipitation of solid contents, and then the solid

35 contents are separated from the processed liquid and
recovered.

The third-3 step may be conducted after the third-2



10 (first-2 step) and in the fourth step is not particularly limted and
the cal cination can be perforned under conditions known for nornal

cat al yst welogiongei on. The cal ci nation may be perforned i RCa/JednRestt syst em
or a flow systemand as |ong as an oxygejy necessary for the burning 15 of
the tenpl ate conpound is present. The calcination in the air is nost easy,
but it is also possible that for the purpose of avoiding the excessive
heat producti engp. thEtp&ecansorprShbaéedotOOadpcedeherﬁhmed Begpepature in

an inert gas g%rg? ggChBQ?o rogenlERO gsﬁugggn tkgnghg&g bn3|de and

t hen oxygen is’in uce hePébW reane &°ragPaue by burni'ng. The
cal cination S&gsperature may preferably be from 200 to 700C, nore

preferably fr0”1309hE0f@§Q€h g@é? @Eeﬁééé?EﬁeErﬁglégo t8he6@8Grthf Sithe
calcination tenperature is |ess 00C, the tenpl ate conmpound nay not

be satistactorfl § SEBROEICHRAPAES £ presissas 1BOCOPkR NRANLEY FEY

crystal strucbugr eh@ayhbedbeaépo @ndrtihv.sst@psaelmalahagaogslsyte@att@es an
adverse effect ur sor, ornmance in the case of calcination

pre
bet ween 30 thgbgﬁﬁgt%gFeﬁlgﬁ8°Fﬁ §8 &nd step and on the titanosilicate in
t he case of caIC|naheomemhodhéotomhbhcaﬁt&patha pénpeeaturserri sing rate at

the cal cinat! g bmuyll 6LELARLY Be 1LILN b Laanghel LELLeA theteto (1 35

br eakage of t st fruc occur roductlon
pr ocessl of t|tém6§tkﬂc§tep0faDHelmotb3/@¢m¢zm BCE@J@63n021®¢rt4034ar§093ent

i nvention (11 )lllmitgés%'cib%ﬂe' LS %a@%ﬁ' 'calﬁebg er’f@%m@ao@l gtelron Process

of an MAWtype zeolite substance present |nven I on i s described
nor e speC|f|€3Pﬂ9tB@P§wknﬂﬁpléoFeﬂéFﬂﬁﬁgcﬁGaﬁﬁﬁt faé§l§a¢H9W -5 fige

schemati cal | ycshewnagibhemsgr bes pekrbhasa she ras c 1oBelekkishent @rFlag £1bw the
producti on procegs of the resent invention is a n%thog rein a

| ayered prec&¥§ Fm(ﬂfdtBsbgoegn@érﬁgdoﬁﬁﬁﬁn eﬁﬁﬁf?ﬁge B6r Qﬁll&ﬁﬂiq%

synt heslzed f odmtaebaemplaciedcampoand is present. The calcination in
the air is most easy, but it is also possible that for
the purpose of avoiding the excessive heat production,
the precursor is heated to a predetermined temperature in
an inert gas stream such as nitrogen to degrade the
20 templaté inside, and then oxygen is introduced to thereby
remove the residue by burning. The calcination
temperature may preferably be from 200 to 700°C, more
preferably from 300 to 650°C, most preferably from 400 to
600°C. If the calcination temperature is less than
25 200°C, the template compound may not be satisfactorily
removed, whereas if it exceeds 700°C, the MWW-type
crystal structure may be broken and this
disadvantageously causes an adverse effect on the
precursor performance in the case of calcination between
30 the first step and the second step and on the
titanosilicate in the case of calcination of the fourth
step.
The temperature rising rate at the calcination may
preferably be 1°C/min but is not limited thereto if
35 breakage of the MWW-type crystal structure does not
occur.
The production process of titanosilicate of the



10 silicon-containing conpound using piperidine or hexanethyl eneimne as
the tenplate (the above procedure is the first step), and acid-treating

t he | ayerwo o3fpreeur sor borosilicate (the above procedure iPSTURE/ReB0ONd
step) to synthesize a deboronated silicatg (acid-treated 15 precursor).
Prior to the second step, it is also possible to calcine the |ayered
precursor to be converted into the MNWWtype borosilicate (the first-2
step). Then, paesthtadhventdphai(irngibayesedipedcinsabriesdsyatbebezed. from
t he debor onat silicate.and an titani.umc aining_20.,¢0npQu usi.ng

bl per 1 i ne. or THex RAGERTTENE RENGCRS Do ant BT SVES FRaLana, S uBr SEBaTe i s
the third step), thrdpreakgitningentiéoni (ani dm deataiibedgmbager ed precursor
(the above p 20 h§ L urth:ste d ] tegpl at e, er eby
& Zeol f te SUbSEanas havtg ot D4 et Facraratns tonf adied. Fi o "1 a
view for> schéRit SEREMR tdRekilhg ShRY18gr the §PriResefstlgse Fheps.

titanosilicat gewhirehngaRDeiQht ai NedebyrbhactpbadpebicaBspbgcess of the
present invention (l1)

. can he wused.,as it i S cat,al yst in an oxidation
Peaction, 30 RGREGEE, IPREMsaRadd Iphdse BEibrs: BHeZe1a PedaVErer
condensati on @fetutabiruma)t sl bepresertrted tiheo tint AA@Silipeat e obt ai ned by
t he productio%o@rggﬁs%a%%digot %ggggbgtkn m;o he.%xigatio%dreaction can
be at least partia ﬁy renove§y8§ contact iraghi € WerACal égiﬁ. Bﬁ this 35
cont actithg wi shlapoaecontainingnosipouatie usangl pspelradiing ol gher
performance c ihed . :The .¢co cti it agh S einis
WO 03/ 074421 %%'}I'{;a ?Sgg%f%%&‘m&sgg e etét'e?\%\glé%eﬁ? poEHOVES pBBRNEEE N re
or after or bdfhthBefdrstasdernveanthacdd-ersation thet BaYrsecih step, but

this treat WenFarieéuE_E%tr gbhrectinyeawden tapphibedel BrobeduRkeegdr ¢k scdnd
before the ca glnatlon %ﬁhlrdnz ste rti,gyl ar, the ., producti on of

), 51np , ,
anat ase phaseS&§Pad B{- SYRGRGSL 2€aR gébQFQQFFﬁgiﬁﬁﬁBFﬁéﬁ.(?ﬁé ~E&REEES ng
w th anl®ci d" pgeedrbelrg .andriilde tocehkagkicpgdwsitlepgn igciid’ adescri bed with

respect to th%os%%%ﬁ%dt%t%%l%%%% E%% %g%re a%&% u%g%ra%of%% %%%verted

into the MWW-type borosilicate (the first-2 step). Then,
an titanium-containing layered precursor is synthesized
from the deboronated silicate and an titanium~-containing

20 compound using piperidine or hexamethyleneimine as the
template (the above procedure is the third step), and
calcining the titanium-containing layered precursor (the
above procedure is the fourth step) to remove the
template, whereby a zeolite substance having an MWW

25 structure is obtained. Fig. 1 is a view for
schematically showing the series of these steps.

The titanosilicate which can be obtained by the
production process of the present invention (II) can be
used as it is as a catalyst in an oxidation reaction,

30 however, the anatase phase generated as a result of
condensation of titanium itself present in the
titanosilicate obtained by the production process and not
contributing to the oxidation reaction can be at least
partially removed by contacting it with an acid. By this

35 contacting with an acid, a titanosilicate catalyst having
higher performance can be obtained.

The contacting with an acid as used herein is



10 contacting nethod, the acid used for the contacting, the concentration
of acid used for the contacting, the timng of contacting and when the
acid i s uwwed3amdal sol ution, the solvent and the |ike, thecrare/aisns
described with respect to the second stey can be applied. 15 The present
invention (I11) is described below. The present invention (Il1l) is a
process for producing an oxidized conpound, conprising performng an

oxi dation reatfeohive aemeor génit ¢enpeufdrumsidngefnrexodi aEhgragenbothn t he

presence O Bgebkbanasl Ligate ol LagPhasenh 20 LAKCRLLABN( LippTBuc

oxi di zi ng agent can be use resent 1nvention
speci fically thépPubEsatmentekanpbet eé6%9genver wperorpPaésedEkanphes of the

peroxi de incl gdecubydrogencpenaxbde and an1ekdanienPeraxi-des 5%@?@'95 of 25
t he organi c peroxide include tert-butyl hydroperoxide, tert-a

hydropeﬁ%X|deIncBﬁEﬁécH}éFopEPSxPH@duCE%ﬁ9IBéniéﬁéaﬁ9dPBﬁéﬁo§Pdé by-

cycl ohexyl hygfeaeéﬁdeﬁ beﬁgkhﬁkaChﬁthiheHydrOperOXIde tetralin
hydr oper oxi de, gutylbenzene hydr, oper oxi de, ethélnsghthal
> én

30
hydr oper oxi de and Pac8PREagEigY nggvép aghd" phE an@Bﬁ?gBﬁ i s not

limted theretoonfheséngewdkxhdes maydbedessedbed waihi natpentotot wheor nore

thereof In {beceaseq:ah ATVEXLUR! Lone EURGLG UBM be gddedyio the

per oxi de. The peroxi S npDst prefera gen gerOX|de 35 An aqueous
hydr ogel per o%PaEasbLBEI BAthadi ngha a@éﬁcéﬁ?ﬁaﬁpént £ SOnKasEI4 960 thEss% or

90 mass% can egnceﬁegatIBﬁ aﬁvueadOEsbaefeerenbd@oﬁ@ae@lhg NeHeWWD;i Q3n@74421
PCT/ JP03/ 02154 - icularly limted he eqU|vaIent or nore to

the carbon- cSFbSﬂnHGGEFngBHS UPQBaFBSnaSkQQéﬁ Hﬁﬁﬁl@sbénéo E&APRired in

the organic canpouamvaatthﬁdrahesmb&éaneﬁe auhﬁeeiedstaebbelaédda&tnn
reaction or de end| %he 5 co d| % ﬁ uavalent or less. The
organi c conpoﬁ e S§CBH cg pf8Pnn§ 0888 ng“an oxi di zed conpound
of the Iresent |nv@hE|pmeséhtlﬁnnamtmonnﬁylmatlsodEaculed belowr.e ahleer

functional  opAUR.AS 89EnBIoh! (131§ £Q"ROPRE-BAY! BE 2,E8LRRREGALAON
oxidized compound, comprising performing an oxidation
reaction of an organic compound using an oxidizing agent
in the presence of the titanosilicate of the present
20 invention (I).

The oxidizing agent which can be used in the present
invention (III) specifically includes, for example,
oxygen or peroxides. Examples of the peroxide include
hydrogen peroxide and an organic peroxide. Examples of

25 the organic peroxide include tert-butyl hydroperoxide,
tert-amyl hydroperoxide, cumene hydroperoxide,
ethylbenzene hydroperoxide, cyclohexyl hydroperoxide,
methylcyclohexyl hydroperoxide, tetralin hydroperoxide,
isobutylbenzene hydroperoxide, ethylnaphthalene

30 hydroperoxide and peracetic acid, however, the present
invention is not limited thereto. These peroxides may be
used in combination of two or more thereof. 1In the case
of ammoximation, ammonia may be added to the peroxide.

The peroxide is most preferably hydrogen peroxide.

35 An aqueous hydrogen peroxide solution having a
concentration of 30 mass%, 60 mass% or 90 mass$%$ can be
used. The amount of the peroxide added is not



10 doubl e bond or carbon-oxygen double bond within one nolecule. In this
case, the "other functional group” of course includes a carbon-carbon
doubl e bowo ost74aar bon- oxygen doubl e bond. Specific exanplP€3/J863/@2h%t ot her
functional group 15 include an al kenyl-ggeup, an al kynyl group, an aryl
group, an arene group, an alcohol group, a phenol group, an ether group, an
epoxi de group, a hal ogen group, an al dehyde group, a ketone group,

a- car bonyl gr@lﬁiﬁtwl%@:Yerllgrlctm 2ad availydédegegup,vad enytamat encgreoum tre 20

i socyanat e gr @b o L A k8 19 %%d 1 %@r%%ngr %gz%fen doqueizeob%r {p, a

nitro group, a nitrile group, a nitroso group gr oup
sul foxi de gr oGPPtRINAK die ther ergand cf ﬁlO@IIPOgm@u@S a:rlileomaM@tht@rtagmmp a

urea group arsdlbajrédtr@dn%grt@l@,oﬂ@é{%\i% reRetRes e d Ve%;& 25
limted %hereto The conpound may have two or nore sa |ona groups

or may have tWw6 G THORE kiRds b6 e AlieotarTgleSss. More specific exanpl es
of the organic corrrmm@rglarmojwd:@n@o&e@e%sféavum thieord %ﬂd@:e]st Gybon at ons,

30 cycl oal kenes. s ro 4 t.0 10 carbon at al | ethers C.0 ounds
having 3 to 1§ r%\éoln AP * SR ERS CSPPOBBFyﬁ%n%h@ ax{e t 1S ¥hnones
having from 4 (tlélj)oma(’Yapl@ronlaa?t ot sodtednboxyg o acire estherrs fuwifctdainsle, a
m xture of tweren e 1her eQf iRy be usedo .3y I}{%.vqrﬁ%pé eatl%%{nl-ycax%%q{ml es

of the kenes havin from?2 to 10 carb@% atons | nc

propyl ent, bACERES pERLeRE, Cﬁé)b@ﬁeoxﬁéfﬁﬁleﬁl@ubé@t dead hfdﬁéﬂ@ adecene, WO

03/ 074421 PCTMEQ&/uQ%lM In' t&ls %alg@te%e "'%Qlﬁ'étre%’nc%l%%tle ou%"ped“é ene,
2- hexene, 3- hexene, gp é -I-p tene - hept ene, 3-he tene oct ene,
3-oct ene, 2-n&MERES énﬁ HER aZC&€ Qﬁecéﬁao@ d@é@@ﬁb Hohe

cycl oal kenes bayngleg doaimlée beontQ 5 carbon atons include cycl obutene
Cvel odecenc. | Exanpl B8 Caf Lohe ATPIR SoPRorte Herde SPEH et OuBt hor
al lyl ethyl etfhedudgl byl apkepyll erbep, ahl wlkgutyl group, an aryl
group, an arene group, an alcohol group, a phenol group,
an ether group, an epoxide group, a halogen group, an
aldehyde group, a ketone group, a -'carbonyl group, an
ester group, an amide group, a cyanate group, an
20 isocyanate group, a thiocyahate group, an amine group, a
diazo group, a nitro group, a nitrile group, a nitroso
group, a sulfide group, a sulfoxide group, a sulfone
group, a thiol group, an orthoester group, a urea group
and an imino group, however, the present invention is not
25 limited thereto. The compound may have two or more same
functional groups or may have two or more kinds of
functional groups.
More specific examples of the organic compound
include alkenes having from 2 to 10 carbon atoms,
30 cycloalkenes having from 4 to 10 carbon atoms, allyl
ethers, compounds having 3 to 10 carbon atoms, ethers of
polyhydric alcohol, cycloalkanones having from 4 to 10
carbon atoms and carboxylic acid esters. Of course, a
mixture of two or more thereof may be used.
35 More specifically, examples of the alkenes having
from 2 to 10 carbon atoms include ethylene, propylene,

butene, pentene, hexene, heptene, octene, nonene, decene,



10 ether, allyl vinyl ether and diallyl ether. Exanples of the conpounds
having from3 to 10 carbon atons include allyl alcohol, allyl brom de,

al Iyl chlwpiod@744acr ol ein, nethacrolein and acrylic aci d. PExarp/@sssof the
et hers of pol yhydric al cohol include 153ethylene glycol nonoal kenyl ether,
et hyl ene glycol dial kenyl ether, 1,2-propanediol nonoal kenyl ether, 1, 2-
propanedi ol di al kenyl ether, 1, 3-propanedi ol nonoal kenyl ether,

1, 3- pr opanedi d+bdtah&enysokthene, 12 2pbutanedi &t penmbenal kepyeéxenbaer 3 -

1, 2- but anedi ial ke but aped; noRpo et her,
1,3-butanedi8*e%%a ke%y egﬁ?ﬁer gﬁgag%uta%eggg#gé%hoglEéﬁggxéfh%r

1, 4- butanedio¢0t@m@lkéﬂq¢t@ﬂﬁer2 peneaerthm®m©mennhede¢en9|aedhér

pentaerythritgl.gial keﬁ'}){émﬁi@@%g PeRg a@gwé};&eﬂle tﬁ%@iké“f’koﬁt hetoang

pentaerythritol tetraal ken es o oal kanones
havi ng Prom 4°#§°aD aE%?%ohn%%%ﬁﬁ ?ﬁ%l%@%tﬁyéto%éﬁ%ﬁﬁ@ﬂﬁen%yclohexanone and

cycl ohept anongyc Exiaenégs, ofyENehepLonyy| a: cB6b8rent pr syt nehufenal byt
f or mat e, aIIylxag %ate aIIyI tartrate, allyl propionate 30 and allyl

net hacryl at e 8B Rati on of the organic conpound and the oxidizing
agent used in the Bx@mpbessofothgraﬂbplngthersoxhdluéd ebirpdumdtbf 1t he

present | nvention, {1411yl oo0nat cpheter ablyn d,eanbinathan sughyinat.bhe

or gani ¢ _conpoun Bre 6r  fore  cofpoun rom't
consi stlidng ofebh©§yléhbyldVanY9IebhﬁéranéldyaléYéoﬁbher aIEyﬁmQﬁﬁérPée

allyl acetategnhal éyhp Bﬁﬁﬁécﬁxbﬁhg f¥€h0§/984f81c5§%6APQ§6ﬁ§1§ﬂcludé8

cycl ohexene and. cycl ohexanone_an he oxi di zi ng_agent is %
per oxi de. The2hhH ?1%?h?itaﬁé§YFlEé?@19§edaééyih@héﬁFéﬂ9staFﬁo ERBra

process for pm@augtﬂglaﬂnoghdlg@g coapagnd.of the 5 present invention (I11)
(5 ol particularl y L Lgd  The, BLELeCred ratae, Lhcreal gt os dopandi o
reacti Misty andthghpeeaghyeomfmsnbalkahgl theeper exhgéeneondgndbdati on, the
kind and CO”?&E&iﬁéﬁQﬂ Qéhégtv??ELpégganediol monoalkenyl ether, 1,2-
propanediol dialkenyl ether, 1,3-propanediol monoalkenyl
ether, 1,3-propanediol dialkenyl ether, 1,2-butanediol
monoalkenyl ether, 1,2-butanediol dialkenyl ether, 1,3-

20 butanediol monoalkenyl ether, 1,3-butanediol dialkenyl
ether, 1,4-butanediol monoalkenyl ether, 1,4-butanediol
dialkenyl ether, pentaerythritol monoalkenyl ether,
pentaerythritol dialkenyl ether, pentaerythritol
trialkenyl ether and pentaerythritol tetraalkenyl ether.

25 Examples of the cycloalkanones having from 4 to 10
carbon atoms include cyclopentanone, cyclohexanone and
cycloheptanone.

Examples of the carboxylic acid esters include allyl
formate, allyl acetate, allyl tartrate, allyl propionate

30 and allyl methacrylate. \

The combination of the organic compound and the
oxidizing agent used in the a process for producing an
oxidized compound of the present invention (III) is most
preferably a combination such that the organic compound

35 is one or more compound selected from the group
consisting of propylene, diallyl ether, allyl alcohol,
allyl chloride, allyl acetate, allyl methacrylate,



10 the reaction form (batch system or continuous system. In the case of
use in a slurry system wusually, the anmount of titanosilicate is, in terns
of the cowp®ant4ati on in the reactant m xture, suitably fPomJIB03021540 20
mass% preferably fromO0.5 to 10 nass% Ln3g fixed 15 bed fl ow reaction
system titanosilicate may preferably be used in an apparent catal ytic
anount |arger than this range. The titanosilicate used as the catalyst is
not particul arq%f:rilqk}ﬁ"‘f%fkf cﬂfﬂci vy Florhexend nmare Wseddin idigg 2Qdmy mof
powder, fine smyaxbgénﬂﬂéﬁogydémtru5|on nol ded article or may be supported
on a support. In nol t he catalyst a binder may be used. The binder
and the support ea er%&?“ SfamiF %@Sdls'l@@élt@ams@ Iag,s maxalﬁhlqwsmrln

weakly acidic sﬂhsEam&@odmgiﬂﬂpﬁ&dawbﬁﬁf%ﬁpkggg qﬁgﬁp%%
reaction of th% Qg de or Ehe i nt ended = oxi d OXI t1on reac |on in
the a process for - produding &R dtildi)zde @@ﬁp@@ﬁ&%ﬂuhﬂﬁéYpﬂé@eﬁﬁd nvé&ia on

(111) may be p@rederaddriranget tlh@lr@@fav&&-ll\é%mde@ferﬂd'lntgh%n?’Q:h@ &S¢RCHOf an

appropri ate sobyeqlk+ i appropriate solvent include al cohols,
ketones, nitriles aﬁ I}':%a%stl%péc:%?i texa P@stﬁppFﬁét§F€bh6m§ i ncl ude

met hanol , et hakGRC fvﬁﬁdpéﬁéltempﬁﬁaﬁameloflshb%&m@ke 2thbub@m@x¢de

tert-but anol , kealeehal, | )
1.2 but apedi of ,, Spegi ??c‘ieﬁgﬁg%s""%dg A0 orE R AR BN ¢ b Sen e

ethyl ketone and® dPEEMYP K EPERe bSE@élﬁWétéma@plggn@ﬁnmb@snsysmbms MO

03/ 074421 PCT/ JROBh@2t54e of3Qsel Agl hld@lGQ%E/O@'y%E-I'elme’ uRl '1?”' LAl e and
a m Xt ure.

Rﬁgﬁgnlaéggesoﬁéenﬁg %%L§§§%§853§%8a&ezggméggéééﬁaﬁlpﬁl¢@e and water, nore
preferred is a@@ﬂ@ﬁntrateonS1ﬁheheeaeabﬁantempgtak@res@&t&%@yoﬁggﬁtboﬁ
pr asent | LQnihgﬁgpﬁ‘%g%S RSP RBrE PPl O PritPodt GAdSnmy BrererabPsl be
fromO t 150 éoﬂréﬁéﬁébpy Sypbeml0tivanoeflitbtehmayepetiferably
tenperature Isbé66§ed in an apparent Ccatalytic amount larger than this
range.
The titanosilicate used as the catalyst is not
particularly limited on the form and may be used in the
20 form of powder, fine sphere, pellet or extrusion-molded
article or may be supported on a support. In molding the
catalyst, a binder may be used. The binder and the
Support each may preferably be a substantially non-acidic
or weakly acidic substance which does not accelerate the
25 decomposition reaction of the peroxide or the intended
oxide.
The oxidation reaction in the a process for
producing an oxidized compound of the present invention
(IIT) may be performed without using a solvent or in the
30 presence of an appropriate solvent. Examples of the
appropriate solvent include alcohols, ketones, nitriles
and water. Specific examples of the alcohols include
methanol, ethanol, l-propanol, 2-propanol, l-butanol, 2-
butanol, tert-butanol, amyl alcohol, ethylene glycol,
35 propylene glycol and 1,2-butanediol. Specific examples
of the ketones include acetone, methyl ethyl ketone and
diethyl ketone. Specific examples of the nitriles



10 than OC, the reaction rate is |ow and not practical, whereas if it
exceeds 150C, the deconposition reaction of the peroxide seriously occurs
and al so,wODhg/07deconposition reaction of the intended prodcEtiPos)21be

di sadvant ageousl y accel erated. 15 The axidation reaction is generally an
exothermc reaction and therefore, the heat of reaction may preferably be
renoved by an appropriate nethod so as to control the reaction tenperature
in a constantinzehgde adéreoniaciieon prigssanitrslecangdrenzohariyléimted. 20
The, oxidal | Ok EEELLOM, L4 et Y OGESP (iRl B ags oxi gl zegh-gompound
of the present i1nvention T may be perfornmed im a batch system  a

conti nuous SHERRSN BReIE STPH VRDIFE i RIRESEERT el /1T PRI RRE appPopPRbtelle

reactor or reacdipi-dLVigSrsushefsridxeds bedbtdditFansporting bed, stirring
slurry aor CSTR reactor and @gg met hod may be used. The m xture conpri sing

titanosidlicate as the £t LR YENTE Tonpuirridatiag EeRSt+3te and a

gerpxige naé_b@d@méeﬂ p&%r@@soﬂﬁﬁ ﬁiod&@iﬁ%q%@nﬁﬁidﬁﬁe&nthbéuﬁ@?@fiOp, t he
eslirea oxialzed conpou ..can e S ate a separ 1 O PpuUr 1 cation
method i 1t he S horHarSphr T CRETTh GrEh) Mbrads RETTECar FoLY [ himbbahnl o,
when the reacindmay preferaedyibe afbatch tsyssehe, therexpdegedabdbypound
can be separ a overed.f ti ) i n

arbi trary knoramnbnad LERUSS°fr LRF LR LA pRlp L ALULE V8 D058

di stilll&tion &man| e dthée qeedceker acdtoniaf tey ané VOX0Bragiigal,

PCT/ JP03/ 0215¢heredd i2MPUNixOfeddel 9xtEi Zefe CQBPOMPYs PEOEHCREERABRES the
desired level. In the case of a slurry-type reactor, the titanosilicate

y-ty
catal yst can BE FRRORRFRVIEBT SRT5CUPHY oPFrAfe FEhdUSCuchPSs filtration or

centrifugati olecafifiotheioecoyacetonadl yisé Caveh@ecdepseduas inhg bat al yst
in the oxidation_ reac her nd, in the case of a fixed

ion, h h :
bed-type rea%f%??v?ﬂéégg?%%Q%???%gi%r%g? 'yst can be easily

15 The oxidation reaction is generally an exothermic
reaction and therefore, the heat of reaction may
preferably be removed by an appropriate method so as to
control the reaction temperature in a constant range.
The reaction pressure is not particularly limited.

20 The oxidation reaction in the a process for
producing an oxidized compound of the present invention
(III) may be performed in a batch system, a continuous
system or a semi-continuous system using an appropriate
reactor or reaction device such as fixed bed,

25 transporting bed, stirring slurry or CSTR reactor and any
method may be used. 'The mixture comprising
titanosilicate as the catalyst, an organic compound as
the substrate and a peroxide may be mixed all at once or
in sequence.

30 In this reaction, the desired oxidized compound can
be separated by a separation purification method in the
normal purification step. More specifically, for
example, when the reaction is preformed in a batch
system, the oxidized compound can be separated and

35 recovered from the reaction mixture using an arbitrary
known method such as fractional distillation, extractive
distillation and liquid-liquid extraction after the



10 separated, while being held in the reactor, fromthe product oxidized
conpound, solvent, unreacted raw substance organic conpound and per oxi de.
In the a womsm®ss2f or produci ng an oxi di zed conmpound of tIr€THPEBEMS4
invention (I11), the recovered 15 titanogpl Lcate catal yst, unreacted raw
substance organic conpound and peroxi de can be again used after these are
purified by an appropriate nmethod or w thout passing through the
purification. aametr abf ythé hexierovmbrashpodrahgstddwatd cadatgsttieor 20 use

in the present i tq I11) decreases in the activity on repeated use
and does not %?(%’1%?@ j['?Qfge#'niti al activity. In such a case, the recovered

catal yst nust be Frgeherease ofife skgererarponraictor, reeovered catal yst
can be perfor{@@'aqusflf@&/@r%a d éq&pg&r?é rdbrig, 2o, speci fically,
a

the recovered catalyst can be regenerated to the initial activity, for
exanpl e by caPRTPRFEATE Methed rsgh 23 ehperrdien ofr 19en ol boget lon

[ Exanpl es]  Thgd Pries erbcdPvesd | @4 By slesedh besl Faugegaiereplet ahtalpebel ow
by referring to gngégiétfomever, these Exanples only show the outline of
0

the present ihVe PR TeRESEM i nvention is not limited to these
Exanpl es. [ Descri@iioie obtHer nBand, Examphesc asel £pnpaf bkéd ebedxappees] 35

Cal cul ation Metho f nversion of. Al yl cohol] : The conversjon of allyl
al cohol is shgé\ﬁ%cg?lga % alf(r;al AT o %?a%%{l?#%f%%%o a%g?l%u%%%l?% t he
reacti éf to thep3WROSd p7uAR]le PGTIdP082 02154 the 4teaatdyl Eremhbhechar ged

before the regebi@fe JREqRLEY! cobSOR@! §8£§&g§?y{i1ﬂrégété§af%on was

calculated fromthe 1ncrease or decrease | al cohol between before
and after th8UPEBRRFDINOr ZRN{M| conpnd drd aPeyPXafieohol was 5 deterni ned

quantitatively by ugifgetfeptbcégastehronsdeaiaghy) orihodeascerpetnbed
herei nafter. g:a{:cu! ation t hod ofOSeI i‘ Vit _ofeGI gci dol: The _
sel ectivity oPTgFici BbESFREshBARBYCR Hﬁf $' F%fIB 138 §F9§Id0| and gl ycerin
cal cul dt5ed fromtéhesilicate catalyst, unreacted raw substance organic
compound and peroxide can be again used after these are
purified by an appropriate method or without passing
through the purification. ’
Generally, the recovered titanosilicate catalyst for
20 use in the present invention (III) decreases in the
activity on repeated use and does not exhibit the initial
activity. In such a case, the recovered catalyst must be
regenerated. The regeneration of the recovered catalyst
can be performed by a conventionally known method. More
25 specifically, the recovered catalyst can be regenerated
to the initial activity, for example, by calcining it in
alr at a temperature of 100 to 600°C.
[Examples]
The present invention is described in greater detail
30 below by referring to Examples, however, these Examples
only show the outline of the present invention and the
present invention is not limited to these Examples.
[Description of Terms in Examples and Comparative
Examples]
35 Calculation Method of Conversion of Allyl Alcohol:
The conversion of allyl alcohol is shown by a molar

ratio of allyl alcohol consumed in the reaction to the



10 analysis results of the filtrate after the reaction. At this tinme, the
glycidol and glycerin were determ ned quantitatively by using the GC

met hod aswoasor4sbed hereinafter. Cal cul ati on Method of Cearaped/@msdof

Hydr ogen Peroxi de: 15 The conversion af ghydrogen peroxide is shown by a
rati o of hydrogen peroxide consuned in the reaction to the hydrogen
peroxi de. charged before reaction. The hydrogen peroxi de consuned in the
reacti on was galyllatedhoiromthedivefecasetive dezeebse. of Thydableh per oxi de
20 bet ween be%?égh@fdcaﬁg%eahfnra@&tf@gctf&ntvbag $41®a1ibeq Bydhopea

per oxi de was determ ned quantitatrvel usin e tit Ion method as
descri bed heréR@Bgaes. Orcéﬁ@n$®§¢0@fo¢lEY1|@1@@@@1dbe$WQ¢@gb©I¢§$o&m@e The

efficiency of,hydrogen pesoxide. i sashoys byife, 20nd ali oy 0f o WY EH QTR s
perOX|de consumed in the reaction, excluding the hydrogen peroxi de consumed

in the >deconP®sPiTonef nEBaBkibRblvahnery, Lalrattof ofChi@rogen peroxi de
consunmed in t@&@r@@%@@@ép@m rﬁ@ﬁﬁb@”a@%e@ériﬂ%i‘d hyes ogen: ger oxi de
consuned. 30 'f'd of . Epoxi d eld, is an ,|eJd poxi de conpound
as an i nt ended-o%+d e AT KA fde, after the
conpl eti on of OX|dﬂheoaeleativbﬁyuefnglﬁqﬂd@gens peswxi e andolhown by a
nolar ratio o h 5 o) d the hydr ogen
per oxi de char%e%bg ?ngpg%g&%E gn%x §g€é¥l8 & 9%?% |€ggﬁxER

Anal ysild Met h@@abYSJﬁStEﬁ@@ltﬁc@fetlE‘Fefrbhtrmoaf’G?n4’QllePJCHNPGQVIOZlBﬂ - 42

T'tan05'|'Cat@h%@St%ﬁéghéﬁe'&19c§d3§f£9@ %I?Qé?iﬁrﬁgret&é@@ﬁﬁiﬁe@f E.l. du
Pont de Nenpurs and Co beake luoric acid (50 mass% was

added and d|sgBPQEHtatFﬁ?éYWBYerhﬁg Eﬁﬂeﬁ tHeFRP® aRnd ?ﬁ%rébﬁﬁonent

anal ysis 5 wanepetharaed.using a desk-type |nduct|vely coupl ed plasm
spectroneter . by , N@ hod of_lnfrared
Absor pti on Spgctrantec e Preate TR RE— 82 S bR Ea of SpOfass
brom delxcont ai ni ngThe conversion of hydrogen perox1de is shown by a

ratio of hydrogen peroxide consumed in the reaction to
the hydrogen peroxide charged before reaction. The
hydrogen peroxide consumed in the reaction was calculated
from the increase or decrease of hydrogen peroxide

20 between before and after the reaction. At this time, the
hydrogen peroxide was determined quantitatively by using
the titration method as described hereinafter.
Calculation of Efficiency of Hydrogen Peroxide:

The efficiency of hydrogen peroxide is shown by a

25 ratio of hydrogen peroxide consumed in the reaction
excluding the hydrogen peroxide consumed in the
decomposition into oxygen, namely, a ratio of hydrogen
peroxide consumed in the epoxidation reaction out of the
hydrogen peroxide consumed.

30 Yield of Epoxide:

This yield is an yield of epoxide compound as an
intended oxidized compound, based on hydrogen peroxide,
after the completion of oxidation reaction using hydrogen
peroxide and shown by a molar ratio of the amount of the

35 epoxy compound produced to the hydrogen peroxide charged.
[Analyzers in Examples and Comparative Examples]
Analysis Method of Titanosilicate Element




10 3 mass% of a sanple titanosilicate was pelletized, set in a quartz-nmde
cell and degassed at 500C for 1 hour under a pressure of 10-3 Pa. This
sanpl e wawoweradi to room tenperature and measured on thecspecyeus using
an infrared spectroneter (FTIR-8100) wapyfactured by 15 Shi nadzu
Corporation. The FT-1R conditions used in this case were as follows.
<FT-IR condi tions> Measuring range: 400-4000cnml Resolution: 2 cm1 20

| ntegration tines: Tﬂ’@aﬁéﬁ&caﬂéaﬂaé nvee:lglrléd ravioletTef kobl erabsorerédn
spectrum met hg

U Vi t t
sanpl e was E‘ﬁé%%a]f) P?ﬁ r e? %%ﬁﬁr‘ﬁgﬂ&) é&gp%gff %élgﬁ%&}l oW ng
ﬁfgargtusN ﬁnmn@OMﬂdrwfﬁmprﬂﬁ $@p&r65®sma$$%xxwaﬁﬂad49%p@@dr@ﬂﬁﬁ@#vﬁdSSO
. by i t t I
for base || ne Aotr: ponerSrad, EAERRe (At K R S e Souder
X-ray d|5ffracwaﬁ)np%ffvleméhdd#shn@aM%S]&a%YP%BhfS@H%‘lelﬂs¢%@P¥% fol | owi ng
appar at us andpfé’é‘rﬁétéﬁé'étrorﬁ@@éf aEWBB %%in@t\!@z?éd Xo¥ aﬂ.@%@}ﬂ@l ysis

appar at us crence Cb iation source a ray (1.5405
Angst r om) 3 A of : O 2 2 93/ 074421
PCT/ JP0O3/ 0215ﬂltané311§@§ﬂ@r ng rat e: 2/ m nut e Anal ysr s of Organi c Conpound

measared by the fof?BulngoBat S%fai S e dphm ancrioBF “haEs  Bhat e
fol | owilriy condihaess. of Thesanplyst staags peitatardaaceol Yehgzed, apetniar nal
standar d_met NQda By %QLﬁggé”Qe ln§§d“ﬁe€9%§é9”a9f56@ec 292! YShsu$oLHkken

whi ch was obt ai di oxane as the internal standard
to 10 m of theprﬁesﬁéac@fo 0SoPati ofhis sample was cooled to room

temperature and measured on the spectrum using an
infrared spectrometer (FTIR-8100) manufactured by
15 Shimadzu Corporation. The FT-IR conditions used in this

UL O

case were as follows.
<FT-IR conditions>
Measuring range: 400-4000cm™
Resolution: 2 cm™
20 Integration times: 16 times - 128 times
Ultraviolet visible absorption spectrum method (U V)
The ultraviolet visible absorption spectrum of a
sample was measured by a diffuse reflection method by use

of the following apparatus, and conditions.
25 Apparatus: JASCO UV/VIS spectrometer V-550 mfd. by
Nihon Bunko Company
Measurement range: 200-500nm
Standard material for base line: BaSQ,
Powder X-ray diffraction method (XRD)
30 The powder X-ray diffraction pattern of a sample was
measured by using the following apparatus and conditions.
Apparatus: MX-Labo powder X-rays analysis apparatus

mfd. by Mac Science Company
Radiation source: CuKo ray (1.5405 Angstrom)
35 Condition: Output 40kv - 20mA
Range: 20 =5-50°



Gas chromat ography: GC-14B nmanuf actured by Shi madzu Corporation Col um:
capillary colum TCGWAX (length: 30 m inner 15 dianeter: 0.25 mm

menbr ane wbiogknags: 0.25 un) Carrier gas: nitrogen (spli PCTaPIIN2120,
colum flowrate: 2 mnl/mn) Tenperatureggonditions: 20 The detector and

t he vaporization chanber were at a tenperature of 200C, and the col um
tenperature was kept at 50C for 5 mnutes fromthe start of analysis, then
el evated to 150C adcantimperates € timsimgee ate of 100/ mn, kept at 150C for
10 m nutes, t&er 1L.0g., rg.Ee of
10C/ mi n, and & ; e ; R
pressure: 10@%&2&;_1Amﬂuﬁgu&§0f Cbncentratlon of Fwdrogen PerOX|de in 30
Filtrate of Reactipn, Motdd@rA RS spd %@ééd&alﬁﬂﬂ@r\feﬁ@fwﬁam ged

using an auto-potentionetric titrator AT actured 0t 0 Denshi
Kagaku Rogyo @RISR 2PICe (3ng Lydsit ey t%ﬁniﬂk¥ﬁW%ﬁ9t¢ﬁﬁ%3¥%%@$on
reagent. 35 Exanplgnd:aliPgéicsd |4k Obeiddhe/$taded i BPRred i &0 Dhternal
Borosilicate and Acid Treat nent] 03/ 074421 PCT/JP03/02154 - 44 In 684
g of ion exchemyjetpvdieethedPpy P idctiiper | YihalX ppodiiced of Weko Pure
Chem cal | ndu r frer y,.referred to as
"PI") was di séﬁﬂrg%i é_égtt & r%y%r% 3’§ aa@n ccsi&ﬁ%ﬁjés@lﬂ#f a&cﬁﬂﬂ%l ]()nrﬁ T%Et hi s
aqueous Pl sol 4 +dhoxdBs. 8Sgtlo¢ b@témah@’@ar(@wu’@@dl%ymﬂ\#kﬁ Poee Cheni cal
I ndust giges, Ligaor1 99 83 ¥8sy added while vigorously stirring. After
stirring for 30 mnutes to conpletely dissolve the boric acid, 120 g of
fumed silica CTACBCINELIYDIPINEAS added and 10 the stirring was further

igﬂébn?gd for 2 hogesiie RRLEE fct@r 88 Xbyr €hohadSh 08orp®rS¥B3A3 : 1.4-P
y

Column:
capillary column TC-WAX (length: 30 m, inner

15 diameter: 0.25 mm, membrane thickness: 0.25 um)

Carrier gas:

nitrogen (split ratio: 20, column flow rate: 2
ml/min)
Temperature conditions:

20 The detector and the vaporization chamber were at a
temperature of 200°C, and the column temperature was kept
at 50°C for 5 minutes from the start of analysis, then
elevated to 150°C at a temperature rising rate of
10°C/min, kept at 150°C for 10 minutes, thereafter

25 elevated to 200°C at a temperature rising rate of
10°C/min, and kept for 25 minutes.

Detector:
FID (H, pressure: 70 kPa, air pressure: 100 kPa)

Analvsis of Concentration of Hydrogen Peroxide in

30 Filtrate of Reaction Mixture:

A potentiometric titration was performed using an
auto-potentiometric titrator AT-012 manufactured by Kyoto
Denshi Kagaku Kogyo and using a Ce(IV)-containing
solution as the titration reagent.

35 Example 1: Production of Catalyst 1
[Preparation of Borosilicate and Acid Treatment]



nol). This mxture was transferred to a 2 liter-volume Teflon (registered
trademark of E.I. du Pont de Nenours 15 and Conpany)-made autocl ave and
stirred fwp 03A04bours at a rotation speed of 100 rpm at aPCeIpey@iiw e of
170C. After stopping the rotation, the ggntents were cooled to 25C and
the solid product was separated fromthe contents by filtration and washed
with ion exchanged 20 water. The washing was repeated until the pH of the
washi ng wat er becare &@rglcﬂssloﬁl'm{dmtmjatbdvamﬂﬁ,d 24y Hugtofvas dried at a

tenperature of 800 nd c | a4 ?&ﬁ[ f . 50 T ulting

solid pr oduct®* urb e a‘p 0 %gbyam rea ’Iﬁérre kfe’?lora% %%%%fssa 25

tenperat ure dftdL.0,0Cpryl’qddlﬁhﬁg%BO (g refnast et /dinmyy #REGTECActd Per g of

the solid pra Ly Vﬁgt %@Y&p@g efdqh f Aedshtd eat Rpleotdiep product was
ai ied. 30

filtered and't Id was cal ci ned for 10hurs atg
t enper abur e cﬁOJGUD@H TheT ot bFe FTIRH Mo} aF0 3P of L 60 § by SLE PPELC

(Deborosi | i Caé@lﬁ)(gypéd@cwlg ﬁeﬂté ﬁ@ﬂré obw@ﬁlcéyrxms5mgptmadtp an acid
treatnment--at_a tenperaturg 00C for ours. by. Igddlqg 30 . mM of 6
mol /1iter nit%id® hdias pat %do“f’hjt e ‘éJo‘WJEPuSI' St Detft 05T 1i cate B)

obtai ned by fétirein@ntes 20 mheudes clorpd @tip bet @ y atiss oI eat teat bdmatc a

boron/silicon rati f 0,0017. [ Prepar y

Ti tanosi | i cat®f* C{1/\0 b3) 094251 WJ% ‘E)iz {S(ZQD & %EPIW%W; din exc%anged

wat er, 104. 5 gtlof ﬂlrtpm@dm:edfxbzytwékocmtBnMnf@aIZIh\@@smt@sobt@@n

puri ty 98%?9| *F'ﬁfé%i’eg %gozacot Q-RELpare @an aqueousy At o ggkution. To
(o]

t hi s aqueous ut 1 on, 5 tetrfabuty ort hotitanate (produced by
Wako Pure Chemdthl Industries, Ltd., purity: 95% was added while

vigorously  Stirrifg;sAft@Eushi 5sNErE0sEaPr&ENubes zomeapl-ebetme
Debor s, i oot S B a( HETaS Lo B0r bFSPTREBoRofar  rati BOBF §o0eaBhER e
and thes sti ranﬂgcmmﬁw)t-iﬂedecantooiuedefadeShbursdt6onbﬁapnhaurs at
a rotation speed of 100 rpm at a temperature of 170°cC.
After stopping the rotation, the contents were cooled to
25°C and the solid product was separated from the
contents by filtration and washed with ion exchanged
20 water. The washing was repeated until the pH of the
washing water became 9 or less. The obtained solid
product was dried at a temperature of 80°C and calcined
at a temperature of 600°C. The resulting solid product
was subjected to an acid treatment for 20 hours at a
25 temperature of 100°C by adding 30 ml of 6 mol/liter
nitric acid per g of the solid product. After the
completion of acid treatment, the product was filtered
and the obtained solid was calcined for 10 hours at a
temperature of 600°C. The boron/silicon molar ratio of
30 this solid (Deborosilicate A) was 0.0217. This solid was
further subjected to an acid treatment-at a temperature
of 100°C for 20 hours by adding 30 ml of 6 mol/liter
nitric acid per g of the solid. The solid
(Deborosilicate B) obtained by filtration after the
35 completion of acid treatment had a boron/silicon molar
ratio of 0.0017.
[Preparation of MwWw-Type Titanosilicate]



m xture of 1Si02 : 0.033Ti02 : 1Pl : 10H20 (by nol). This m xture was
transferred to a 150 m-volunme Teflon (registered trademark of E.I. du
Pont de N®owmansi42115 and Conpany) - nade aut ocl ave and stirr @dTiBe3/ @38 hour s
at a rotation speed of 40 rpmat a tenpefature of 175C. After stopping the
rotation, the contents were cooled to 25C and the solid product was
separated fromthe contents by filtration and washed wth ion exchanged 20
water. The washi ngma® repgatieth Widhanigee pidtef,t e . SV\/aﬁrdfng’Ivvater becanme 9

or |l ess. The obt ned ol i roduct was dri { ur Cand
- L BERSHSEE (% z{’ M, Tt P A Sy

subj ect ed "hears ur'd
adding 20 m 9c8f%)2wmsi /dustsmlvmct ratc 225C|Gd toeprgpefr 2Rt Mauastusd Hir oduct

After the CO%&%LCI 1y, of Aci eé%t bt pot @%1%—9.%" mas J idg¢ered and the

obtai ned sol1’d was cal ¢ine hours at a tenperature of 600C to
obtain an Wmafy}@éwhnlamjfs’iﬁqfddlaélac‘@t diyeduged Ry WakmPusf ST SHoduct .

The L1 tani unfssiddsaan dwl afed 81 i A;0f doh)S dd anpsd iaalxe anlg s uas
0. 0233 and the  boron/ Silicon molar ratio was 0018. Al so, q_né nf rar ed

absor ption spedtifiiidmas %rwq%nﬁ%éﬁ%%%ﬁé’&eﬁ H® %?Ril
absor ption Smﬁﬂu@z@mwwwamﬂa&mﬁjﬂm@na&gﬁlm i eo firebtierum vaI ue at

930 cm was observed.. Fi shgws th ctr I.n. addition, Figs. 3
and 4 are r&SFYHIHRNY ‘?]?‘?%t ?]ﬁ‘oeﬁ']gﬂqpaa sag?ﬁ YU ot this absorbance
spectrum a_rnd:dﬂtm@clmmbrduﬁcﬂememmmo syfe d rOUnh MG 38/ it 1a IRCTY P03/ 02154
- 46 of this bIsrojtgﬁ% S SRESHY ?Ar{]cht ?nadz diffet et i dhraSpest rum

t he curve cross zero poin te axi s at about 1010cm1
and has a relmiitere mﬁnhtﬁn%al ué . |0|33t'ﬁ‘é0mel ght®F hboHO H¥-010Fec el )

Accordingly, it was foupddhad Fdererdss 2Rt orso handvdsrmmg a
rel ati ve maxi num value in the nei hbor hood _of 1010cm1 (11[% sent .
a

Further, an X&FiRRt é?e?ﬁlaﬁ‘fbe%‘ﬁd AR 2 Rt of 9 I‘ﬁ%ng CUPRLSs
respectsvel y SiowWonpany) 98add AEbELatd dix:anspttﬁrﬁed PEorluts 8 omowfs Cat al yst
2 [Preparati Onroogatlon ngeegl t?”&?' J!”}_Im?aét a temperature of 175°C.
After stopping the rotation, the contents were cooled to
25°C and the solid product was separated from the
contents by filtration and washed with ion exchanged
20 water. The washing was repeated until the pH of the
washing water became 9 or less. The obtained solid
product was dried at a temperature of 80°C and subjected
to an acid treatment for 20 hours at a temperature of
100°C by adding 20 ml of 2 mol/liter nitric acid per g of
25 the solid product. After the completion of acid
treatment, the product was filtered and the obtained
solid was calcined for 10 hours at a temperature of 600°C
to obtain an MWW-type titanosilicate catalyst as the
final intended product. The titanium/silicon molar ratio
30 of this titanosilicate catalyst was 0.0233 and the
boron/silicon molar ratio was 0.0018. Also, the infrared
absorption spectrum was measured in the dehydrated state
and on the absorption spectrum, an absorption band having
a relative maximum value at 930 cm™ was observed. Fig.
35 2 shows the spectrum. In addition, Figs. 3 and 4 are
respectively the first differential spectrum of this

absorbance spectrum, and the second differential spectrum



I n an aqueous solution containing 2 g of ion exchanged water and 1 g of
hydr ogen peroxi de (produced by Wako Pure Chem cal Industries, Ltd.,

purity: 3WeHo3/od421 g 15 of tetrabutyl orthotitanate (prodecedrio2viko Pure
Chemi cal Industries, Ltd., purity: 95% xye&s_added at 25C. The tetrabutyl
orthotitanate was conpletely hydrolyzed by the stirring for 30 m nutes and
then dissolved by the stirring for 30 mnutes. Thereto, 9 g 20 of ion
exchanged watosr tarids B sgprafanoeb mpesitnurat e IA thl@\/lsr\ﬁg:oaldacdﬂo?ﬁesﬁemfclcﬂﬂ- mol ar

ratio of O. 0231 %; %c%t? %ur@%as@#’here e az%‘l%dgﬁ'ﬂqltt hes std ring was

further contlnue m nute ter wat er confent was
evapor at ed overdigiadieuras i %?taQQﬁﬁwﬁQhQﬁm)r]iﬂﬂ:@&?vﬁu#%@%ﬁ%Yﬁlng to

obtai n 2 m Xigiif ffn 1902 1+ - T nddendeel bor TVmeHid mxture was

placed in a VO | on (regl stered tradenmark of | . .du Pont de

Nermour s5 and P(Qﬂﬂéfmglrfhdel’%é%ﬂ@er A R hddIEde vies 3% aﬁ'Esf%‘?H@uo%O to a 50

n -vol ume Tefd o1y RMEIRS &f %Eé@d@fﬁr{a&ﬁﬁuﬁ valull :LrPOdHe dee Nghmiriso @i d
Conpany) - made aut ocl ave previ ously cont nlng 1. ?%ﬂ on exg%anged wat er

and 2.5 g of ¥ 14iHTHuckd BRIk Pu}?‘ér %Er,l i purity:
98% and st atywatly deaiwthrmtof dleinperaiple acrfe k@éwlwﬁ%mmn After
t he conpletlgp of q§atu$qs the contents were cooled to 25C and the solid
product was ate romthe contents by filtration and washed with ion
WO 03/ 074421 B 3 mevbtuat er. The washi ng was

repeat ed unt| wa‘%?ad%idﬁa (;fnq,[m@ ﬂag odecan®: ) or | ess. The obtained

solid product t a tenperature of 80C and sub cted to an acid
treatment for 20 Houradh AJEEHS eipbiat e CHTAEDY? @dPhgt900 M of 2

mol /1iter nlé}gdyga@é:é&i Vp@tge]g mdthegs&t i 16y o ©fiC t pe bt Bdet hprodm@dielbyon of
acid treatnent, the % ered a%%e obt a ned3§p id V\@s
cal ci ned for "1@“?10?}? l(\fNafrp{erF ‘E%*frel%? t PO %a h an pé
tltanoaﬁl|ca1@fJ£btxﬁbmw§1 asthdei tamate i (eodededrbyugakoThere
titaniunsiligon, MLAr LQLL0rPLstPiSali tB00BLY I CG4€) was added at
25°C. The tetrabutyl orthotitanate was completely
hydrolyzed by the stirring for 30 minutes and then
dissolved by the stirring for 30 minutes. Thereto, 9 g
20 of ion exchanged water and 10 g of Deborosilicate A
having a boron/silicon molar ratio of 0.0217 prepared in
Example 1 were added and the stirring was further
continued for 10 minutes. Thereafter, the water content
was evaporated over 3 hours at a temperature of 100°C
25 while stirring to obtain a mixture of 1-Si0, : 0.033:TiO,
(by mol).
This solid mixture was placed in a 5 ml-volume
Teflon (registered trademark of E.I. du Pont de Nemours
and Company)-made beaker and the beaker was transferred
30 to a 50 ml-volume Teflon (registered trademark of E.I. du
Pont de Nemours and Company)-made autoclave previously
containing 1.5 g of ion exchanged water and 2.5 g of PI
(produced by Wako Pure Chemical Industries, Ltd., purity:
98%) and statically heated at a temperature of 170°C for
35 158 hours. After the completion of heating, the contents
were cooled to 25°C and the solid product was separated

from the contents by filtration and washed with ion

R03




catal yst was 0.0167 and the boron/silicon nolar ratio was 0.0018. Al so,
the infrared absorption spectrumwas neasured in the dehydrated state and
on t he spwotomsiom4s2an 15 absorption band having a rel ative mwariJreao2vsl ue at
930 cm1 was observed. The titanium siligon nolar ratio and boron/silicon
nol ar ratio of Catalysts 1 and 2 obtained in Exanples 1 and 2 are shown in
Table 3. 20 [Table 3] Table 3 No. Titanium Silicon Boron/Silicon Ml ar
Rati o Mol ar Ratdrandadnplterl Cathal wetishiidy 6238 telised Exanpl elte @H al yst 2
0.0167 0.0018 aml e 3. Producti.o i di z gyefsTly) i
Ti t anosi | i cat¥ eal“ﬂlass[hlflgzgqal i bfgzaﬁg[e_ \%Iogﬁlrrel%s?ge- necgoﬁ%{s}%%qui pped
with a theraoietepraiusf lwes condehsdr amerpemafitts ©5t30rerando. 58 g (10
ol ) of all ygﬁbgie%oéwf; A3 & (& ddndle Boetanidsite gere added and
ype ti

then the MAW anosilicate cata(%/.st (50 rrr&g;a51 pr epar ed in Exanpl e 1
was 30 Bhar getEmmREatise Wl WS heut afdima HR Matef aof BOE LHHF vi gor ousl y
stirred. |mmediatfl Ya@fd 8et he of eI e Ofoddiec I eagfton vhature reached
57C, 1.1 g (10 nmol, as hydrogen peroxide) aof an aqueous_ 30 s% .hydr ogen
per oxi de sol RN HChdRfe P tHLTFREmM %%/e\ﬂf%‘g?%%ﬁ%i F—’ﬁ?ﬁf’%@/ 02154

- 48 settinaidecieashiOinsd agd1lid mead ccdhd snedi fivy thehostsratng was
continued untjil the passin S0 mnutes. f e rf. i

After 30 nmi nuiieégpeflf%ﬁﬁ?‘leo sﬁ'ﬂ té)oiieo r A %%n%gﬁﬁéﬁ?%g}ééi %ﬁgélnétgggéb%gg

i mredi avel y Scatoml est wed hthieef badh imtendgd tieodeeict i oRheThereafter, the

reaction m Xty e, &g 11 L8e oL gERRLeLE Gpr ERLL edi tahbyk 1abgebol ,

unr eact ed hydrogen per oxi roduct and solvent fromthe catal yst.
At this tine cahelyebneent?ellon atdorlanperaupst hheeni ROLAE BBFAPNEES10

filtrate was @nghyged Rys@as.cdr onRELBEAPANs8PPLibe speoeenanrabson of
unr eact ed hydéggggrggrgélgﬁemgghydrated state and on the spectrum, an
15 absorption band having a relative maximum value at 930
cm’ was observed.
The titanium/silicon molar ratio and boron/silicon
molar ratio of Catalysts 1 and 2 obtained in Examples 1

and 2 are shown in Table 3.

20 [Table 3]
Table 3
No. Titanium/Silicon |Boron/Silicon
Molar Ratio Molar Ratio
Example 1 {Catalyst 1 |0.0233 0.0018
Example 2 |Catalyst 2 [0.0167 0.0018

Example 3: Production of Oxidized Compound Using

Titanosilicate Catalyst 1
25 In a 20 ml-volume three-neck flask equipped with a

thermometer, a reflux condenser and a magnetic stirrer,
0.58 g (10 mmol) of allyl alcohol and 3.9 g (5 ml) of
acetonitrile were added and then the MWW-Type
titanosilicate catalyst (50 mg) prepared in Example 1 was
30 charged. The mixture was heated in a hot bath at 60°C
and vigorously stirred. Immediately after the
temperature of the reaction mixture reached 57°C, 1.1 g
(10 mmol as hydrogen peroxide) of an aqueous 30 mass?
hydrogen peroxide solution was added to the system. By



determ ned by potentionetric titration using Ce(lV). The reaction results
are shown in Table 4. The conversion of allyl alcohol was 95.9% the

sel ectiviwg 0af07gbyci dol as 15 the produced epoxy conpoundPaagP@02734 the
conversion of hydrogen peroxide was 97.6% and the efficiency of hydrogen
peroxi de was 98.0% [Table 4] Table 4gKind of Catal yst Sol vent Used in
Reaction No. Titaniuml Boron/ Silicon Silicon Mlar Ratio Ml ar Ratio
Exanple 3 Catalyst 1 0.0233 0.0018 acetonitrile Exanple 4 Catalyst 2

0. 0167 0. 8- retomn tredet i@onpaaat | tvieng Tio Bjh MNP @I D21 7ti0e 0204

Bcarpl e 2 200 0o G PO Iag Boh ep e %%yf’fﬁ%ﬂv@rlf?o%“?‘?ééégl rite ty
Ef fi ci encyErqmmthg *Staft of dierpehiomPer ok ter 430 (manukes| L¥p@rsBen d yci dol

dycerin ﬂ&@@%f'r?&'&%r@e R £ 3199 ﬁl}@gun_ﬁe 969a§ Qnu?(e@ﬁagel%zlxa”p' e 4
97.0 _98.0 100 O Corrparatlve 77.1 79.5 6.0 Exag?

Conpér at | VeP2EED V139tf3 Bee Pa tos P S(%%p’F%aCZt}CinCOn@}é‘%?%ﬁt ral 'yl
al cohol : Athylredcoted x@pza@mdne(mJ)M@ﬂwub@t@ép@r@téymhnraheehal (nmol) x

100 (% 5 gflycfna\tllecgosljng, Olflm.hé/ roegc?%P xr'c%(en peroxa.de, water,
product and solvent from the catalyst. At this time, the
concentration of organic substance in the obtained

10 filtrate was analyzed by gas chromatography and the
concentration of unreacted hydrogen peroxide was
determined by potentiometric titration using Ce(IV). The
reaction results are shown in Table 4. The conversion of
allyl alcohol was 95.9%, the selectivity of glycidol as

15 the produced epoxy compound was 99.7%, the conversion of
hydrogen peroxide was 97.6% and the efficiency of
hydrogen peroxide was 98.0%.

[Table 4]
Table 4
Kind of Catalyst Solvent Used
in Reaction
No. Titanium/ Boron/
Silicon Silicon
Molar Ratio® |Molar Ratio®
Example 3 Catalyst 1(0.0233 0.0018 acetonitrile
Example 4 Catalyst 2(0.0167 0.0018 acetonitrile
Comparative |[Ti,B]-MWW |0.0217 0.0204 acetonitrile
Example 1 type
Comparative |MFI type 0.0192 - acetonitrile
Example 2

20



Hydr ogen pero
100 (%9 *3 Se

gl yceri n wowBp¥44x1

(rmol)/{glycid
hydr ogen pero
consuned ( nol

xi de consuned (nol)/raw substance hydrogen peroxide (nol) x
l ectivity of glycidol: dycidol (nol)/{glycidol (nol) +
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xanpl e 2. The reaction results are shown in Tabl ¢Paroghde™
allyl alcohpl _was 25 97.0% the selectivity of gly#)dol as
epoxy conpolddd Was A1G0Rrades coflessioh | 6tyagaEdgen peroxi de
the effici efehfaiolhyidiar@snidser oxi de was |WO 03/ 074421

PCT/ JP03/ 0215
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Met hod and F
wat er, 182.5

ICOMPELRGA Vef | TOkildi zed| "Corppound 599n0513 glef ion ¢R€hBnged
gxspie 1 prioduced byl Wako PurelChenical [Industries, ltd

purity: 98%
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Wako Pure Ch
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funed
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25

IEared ends elqual ly didided into two portii ons andliwhile
irring, 18.0 g 10 of tetrabutyl orthotitanate (produced by

67 @RInvieRAY S 1085 213k 2 RN 95% was added to one

24. 2 g@pf boric acid (produced hy Wako Pure Chem cal
td., 9915% alcoraddEerEameotmarl) /5 iSoPstAncs vl ing for

Q¥RIAL gb135 hydpolsze the tetrabutyl orthotitanate, 45 g of
*2 Conversion of hydrogen peroxide:
Hydrogen peroxide consumed (mol)/raw substance
hydrogen peroxide (mol) x 100 (%)
*3 Selectivity of glycidol:
Glycidol (mol)/{glycidol (mol) + glycerin (mol)} x
100 (mol%)
Selectivity of glycerin:
Glycerin (mol)/{glycidol (mol) + glycerin (mol)} X
100 (mol%)
*4 Efficiency of hydrogen peroxide:
{Glycidol (mol) + glycerin (mol)}/hydrogen peroxide
consumed (mol) x 100 (%)
*5 Molar ratio
(calculated by ICP emission spectroscopic analysis)
Example 4: Production of Oxidized Compound Using

Titanosilicate Catalyst 2

The same operation as in Example 3 was performed
except for using the MWW-type titanosilicate catalyst (50
mg) prepared in Example 2. The reaction results are
shown in Table 4. The conversion of allyl alcohol was
97.0%, the selectivity of glycidol as the produced epoxy
compound was 100%, the conversion of hydrogen peroxide

was 98.0% and the efficiency of hydrogen peroxide was



silica (Cab-o-sil M/D) was added to each solution containing titanium or
boron. After the addition of silica, these solutions were stirred for 1
hour to oWDaBn74421m0 ki nds of uniformgels. These two ki ndeCofypgpaizssaner e 20
m xed and the stirring was further contigged for 1 hour and 30 mnutes to
obtain a m xture of 1Si02 : 0.033Ti02 0.67-B203 : 1.4-Pl : 19-H20 (by no
) . This gel was transferred to a 2 liter-volune Teflon (registered
trademark of ®10%du Pont de Nenours and 25 Conpany)-nmade aut ocl ave,

stirred for 24 fours Ao LpLalioN egged of J00- 19 oL, 21 eEPes ALY 6 of
t hen

t enper at ure off 150¢-EvpefNitarosslicatel bnrDivechodyrtihesia Methedoandpeed
of 100 rpm atpa,48PELAt YEeoRf 4 1/0&. C&_{.}%&jﬁ@r stopping the rotation, the
€ SOl

contents were cooled to_ 2Z5C an r oduct mas separated from the
contents by filtratfonrldnd Yhshed 9%?%a?%%dé%%h%ﬁgeﬁ8 wat 8r°EThé washi ng
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of 6 nol/litesobution, acwﬂlpeaqgeoﬁsVEIOﬁéDﬂﬂﬂaﬂ W&I/ @081 02184videl8l the
solid product ter th n C produgt was
filtered and %ﬁ€% Qi SrgggR% éh§aggél c?g %£§Sgiﬂﬁgﬁlr£ﬁﬁg ?g gnﬁerature
of 530CG0to obf atetaabWWtythotmmstel taredeaedl lystWaKhePBre
titaniwﬂsill r thisstit e a 217
and the boron ?g%% %%?Eg9¥2%§6 %gg 3%§%£§ A?Bg) &ﬁ% %ﬁ?%grgé B

absor ption spé@??ﬁﬁﬂm&@d HR4sdr 8dOf nPPREC daydr ApBaducateP¥niabn FHES

spectrum an cpE&sPERLi @AdhaediBayingda, r9basgyewaaxaauauvabuanathaﬁo 10 cm
was observed. Fi

7 sho t he spectru T operation Exanpl e 3
was perfornedpoﬁgégﬁt %gﬁglﬁﬁlgﬁFgghgéW €§ m%PPEﬁg ¥P|88P8 E?EVyst
obt ai neibs by thgddblpzé syot hesrabueyhodrtAbeiteaatepnd5r gsolft Suaed shown in

Tabl e 4. 15 Ogupagat | ug,Exauph ey?;) CRERagahbye.GababyskotucBpgauct i on

containing titanium or boron. After the addltlonAof

silica, these solutions were stirred for 1 hour to obtain
two kinds of uniform gels. These two kinds of gels were

20 mixed and the stirring was further continued for 1 hour
and 30 minutes to obtain a mixture of 1+Si0, : 0.033-TiO,

0.67+B,0, : 1.4-PI : 19+H,0 (by mol).
This gel was transferred to a 2 liter-volume Teflon
(registered trademark of E.I. du Pont de Nemours and

25 Company)-made autoclave, stirred for 24 hours at a
rotation speed of 100 rpm at a temperature of 130°C, then
stirred for 24 hours at a rotation speed of 100 rpm at a
temperature of 150°C and further stirred for 120 hours at
a rotation speed of 100 rpm at a temperature of 170°C.

30 After stopping the rotation, the contents were cooled to
25°C and the solid product was separated from the
contents by filtration and washed with ion exchanged
water. The washing was repeated until the pH of the
washing water became 9 or less. The obtained solid

35 product was dried at a temperature of 50°C and subjected
to an acid treatment for 20 hours at a temperature of

100°C by adding 20 ml of 6 mol/liter nitric acid per g of



of MFI-Type Titanosilicate Catal yst and Production of Oxidized Conpound In
a 500 ml -vol une, beaker equi pped with a magnetic stirrer, 62.5 g of

t et raet hyWoosthagi | i cate (produced by 20 Wako Pure Chemi ealr/Jposdrsia i es,
Ltd.) was added and then 107 g of an agueaus 20 mass% tetrapropyl ammoni um
hydr oxi de sol ution (produced by Tokyo Kasei Kogyo) was added at a
tenperature of 30C over 10 mnutes. After stirring for 1.0 hour, a mxture
contai ning 3&hg &bldd psopiuamyl alftelmolkheprotpdedilop Wk @Pgr e Cheni cal

| ndustries, Ltdo)and 14:q of JRlAbULYLeQtiholi Lanaks,e (iedyed by Tokyo

Kasei) was a over er stirring at 30C for 30 m.nuf
the m xture \mldhe@tSed:adsﬁlm@daftm IPatipuats %Caaﬁ@“t%asttqqer iHg %& C30

continued for. 2 BoWis: aH0 Ml dyies 1aRldicaad idatilicat 23kt 9 aherater was
added. The resulting sol ution was transferre toaTefIsalDt(r i stered
trademaPk of HEYHanigp/ spdrcde MU r’f'g’ah?y e and a

hydr ot her mal RS syawp ) mezrlfmrarmd tite b?ﬂ@rf/@nléh&o&ﬁ tholaS . raMJtcerwame
conpl eti on of roth r.mal nt hesi s ut fromthe
aut ocl ave and t %t Yr o Wéarsareéi)ﬁ% ﬁéﬁé‘g‘ﬁfﬁ The WO
03/ 074421 PC'Fv{eH%QﬁJéHZJ:E;A the %h}a:tnaa:emec‘aisadie dir;d adudlhevmmmed Vit h
distilled wat ek{sor nd af ternd n'?a\?q{g’laetfeqrbg é"@ﬂl& m%f&é‘%@t aggHO0C for

8 hours in tHe SEence 0 enobve organic stances. The solid
mat t er 16bt ai red bzg/a?e heb el cedat i Do 6 Na3h @b dee e%p%tla%md washing for 12

hours using 20 M @, AMAWICOMSE fof 4! idRimgud ri @v@@wlelsmmwn per g
of the solid matter. After the conpletion of, acid ﬁ@ solid

th
product was s¥pERRE PR FINT riegh HriTEiE ¥R - RS 5%@?36?1:12 hour s
in the presem%kéﬁnéufbﬁctﬂé)d&&éﬁﬁléjﬁthéﬁfyuhﬂtmda.tymMetre&ammmmlcate

catal yst havin titani silic ratio of 0.0192. Also, the
infrared absor §5%%t$hﬁW%w%nﬁﬂ§gﬁ?q% in the dehydrated state and on
t he spact r umcenmp adrstolps | Kxainahe 9t G 3 =

cm 1 ves obser%/eb&iEI llsvr'):e gl"l@a[?(bg]\!\fl(tlgtee S@ﬁ@éf\%@ and Production of

Oxidized Compound

In a 500 ml-volume beaker equipped with a magnetic

stirrer, 62.5 g of tetraethyl orthosilicate (produced by

20 Wako Pure Chemical Industries, Ltd.) was added and then
107 g of an aqueous 20 mass% tetrapropylammonium
hydroxide solution (produced by Tokyo Kasei Kogyo) was
added at a temperature of 30°C over 10 minutes. After
stirring for 1.0 hour, a mixture containing 38 g of

25 isopropyl alcohol (produced by Wako Pure Chemical
Industries, Ltd.) and 14 g of tetrabutyl orthotitanate
(produced by Tokyo Kasei) was added over 30 minutes.
After stirring at 30°C for 30 minutes, the mixture was
heated using a hot bath at 80°C and the stirring was

30 continued for 2 hours. To the thus-obtained mixture, 230
g of water was added. The resulting solution was
transferred to a Teflon (registered trademark of E.I. du
Pont de Nemours and Company)-made autoclave and a
hydrothermal synthesis was performed at 175°C for 48

35 hours. After the completion of hydrothermal synthesis,
the contents were taken out from the autoclave and the
solid product was separated by centrifugation. The



The sane operation as in Exanple 3 was perforned except for using this
MFl -type titanosilicate catalyst. The reaction results are shown in Table
4. Exanplwo3d3/08uory of Reaction Substrate 20 In a 20 m - vecumeoydzsie- neck
flask equipped with a thernonmeter, a refpux condenser and a magnetic
stirrer, 0.84 g (10 nmmol) of 2-hexane and 7.8 g (10 m ) of acetonitrile
were added and then the MWtype titanosilicate catalyst 1 (50 np)
prepared in @wmr@dt %la\/\zaszthar@Ed\zasThasﬁed et hwatst dheialt et iveethot bat h

at 60C and v ro tirred di f1er Sy f th
reaction mi xt?f?cg ar%a%%e%’%?@mpll tmmn Qi%%gs@r{a{ i r olﬁen per ?;(%2% Oof t 38
mass% hydr ogeﬁbr p’:ErImu:tte wastlmjctmbsaﬁqm@%y@ﬂérﬁo BSBI%%‘IQ i PIRIEC 30

reaction Stardybd s i oh DA g Lk b [dBM e by O0He NeeTL it Lo he
passi ng of 2 our romthe start of reaction. After hours %5\,\5571 Of
h“Tce to

start ob readﬂ&t%rﬁubh%cW@a*é@lW@nWéih@%a‘soﬁ nlr%oﬁoali%sf’ HeHT e

stop the reaglioneJher£ad ths1/1MeeF 6ol on dﬂi@tﬁ@lu\ﬁﬁoﬁﬁpérlgeoéd to
separate unreacted 2-hexene, unreacted . hyd r}gﬁﬁ% per ox oduct

and sol vent f#efn$heid BREFGEL. 2 tehi e | TN %rbn%%n??a i On O%Réfgani c
WO 03/ 074421 Ped/ JP034 03254uct bas sebstared by fhetobthdnedndi theate was

anal yzed by g%?ﬁ%caé ngé?g ﬁfﬁ and h? QCEQtEﬁélgpngnggrggcggg to

hydr ogen pero |orretr|c fitration_using Ce :
The reaction a)leisalimstheelsheme@ Mﬁlmp@ sltames i bratef catalEpbxyhexane

as the intend oxi 7
o oxt de Pre du@g vif80% QF’CQEE%Q?MM@@H 1909&/% W%J@Dbeoélhgxgabize 5A§gg)$<; ' 2; e
70. 0 Exanpl e Bheyénhbéhexedea ?@FBﬁé?én%P%QFH%m7WBS @ﬁﬁﬁHFﬁ ghﬁexene

g ‘;’ epoxyhexaggh pQr 3t &X30RLE §n@08ﬁa£nélype@yghmhemnabswpamenebandx| de
having a relative maximum value at 960 cm™ was observed.
15 Fig. 8 shows the spectrum.
The same operation as in Example 3 was performed
except for using this MFI-type titanosilicate catalyst.
The reaction results are shown in Table 4.
Example 5: Study of Reaction Substrate

20 In a 20 ml-volume three-neck flask equipped with a

thermometer, a reflux condenser and a magnetic stirrer,
0.84 g (10 mmol) of 2-hexane and 7.8 ¢ (10 ml) of
acetonitrile were added and then the MWW-type
titanosilicate catalyst 1 (50 mg) prepared in Example 1

25 was charged. The mixture was heated in a hot bath at
60°C and vigorously stirred. Immediately after the
temperature of the reaction mixture reached 57°C, 1.1 g
(10 mmol as hydrogen peroxide) of 30 mass% hydrogen
peroxide was added to the system. By setting the

30 reaction start time to this point, the stirring was
continued until the passing of 2 hours from the start of
reaction. After 2 hours from the start of reaction, the
reaction mixture was immediately cooled with ice to stop
the reaction. Thereafter, the reaction mixture was

35 filtered to separate unreacted 2-hexene, unreacted
hydrogen peroxide, water, product and solvent from the

catalyst. At this time, the concentration of organic



Exanpl e 4 Conparative 2-hexene 2, 3-epoxyhexane 16.8 Exanple 5 Conparative
cycl ohexene cycl ohexene oxide 0.9 Exanple 6 10 *1 Yield of epoxide: Anpunt
of epoxi dwopsotdered (nol)/anmount of raw substance hydrog@cTgesRisie (nol)
X 100 (% Exanple 6 The same operation-as3iA Exanple 5 was performed 15
except for using 0.82 g (10 mwol) of cycl ohexene and 0.55 g (5 nmol as
hydrogen peroxi de) of 30 mass% hydrogen peroxide. The reaction results are
shown in Tablsel}:&ta'lfftee vi re| tchep folmyecil nstve e ttiad évas alifel aRERIE P Fhoxi de

conmpound was 0] us, P fThﬁ»,ls@e[@C&per ations as
i n Exanpl es 5c %‘?ov%%mﬁaq#or med exceegfc%o%%}sfong t he pe
titanosili catfe_{dmaan yeerabids neb e thidied Rt tf(‘%t‘r%nm%*a”r%
Conparative idn JdEnd eastiep. reﬁf&dtr?eéd&&hmulrts?&ﬂ'@béleo@ The
yield of 2, 3 epoxyhexane as t he |ntended oXi ound was, 5,9 %&(gnd
the yiebd of tycTahkkehe BHE dblskd ‘(%?ﬁ?% I%(%n*‘bkl"%s B9

03/ 074421 Pﬂéﬁggﬂg%oun&%aghmsm oper at i ons as in Exanples 5 and 6
were perforned except for using the MFl-type titanosilicate catalyst

obtained in o &t Ve Exanple 2. The reaction results are shown in Table
4. The yield DdbPe 355 epoxyhexane as the intended epoxide conpound was

16. 8% and the—yHeldof—eyeclghexene—oxi SaEXaNPl 8 vAie IRy &Fr at 1 gn
of MW type titanosilicat Suﬁﬁ%fiﬁ El? I ratlos Five KilngsoxafddWiiLype

varl ous

titanosilica bstanees i male di Qe EQ h&kahali 09,700 the sane
mannes as in fgirﬂ 1e54 o \ﬁek‘%‘ﬁ : REEboRY

. CHpL e eneent uSEL R ohiTE cABDBRE JEST[ AT Y
orthotitanat E X! “CﬂgLﬁ 'I‘%§%¥§Z?§p?%%ngggbeggiyhb&ghe ratjigys, Pf 0. 027,
0.023, 0.016 Exa%% §¥.8 0.0 454 t he

Comparative |cyclohexene [cyclohexene oxide |2.2
Example 4
Comparative |2-hexene 2,3-epoxyhexane 16.8
Example 5 '
Comparative |cyclohexene cyclohexene oxide (0.9
Example 6

10 *]1 Yield of epoxide:

Amount of epoxide produced (mol)/amount of raw

substance hydrogen peroxide (mol) x 100 (%)
Example 6
The same operation as in Example 5 was performed

15 except for using 0.82 g (10 mmol) of cyclohexene and 0.55
g (5 mmol as hydrogen peroxide) of 30 mass% hydrogen
peroxide. The reaction results are shown in Table 5.
The yield of cyclohexene oxide as the intended epoxide
compound was 7.5%.

20 Comparative Examples 3 and 4

The same operations as in Examples 5 and 6 were
performed except for using the MWW-type titanosilicate
catalyst obtained by direct synthesis method in
Comparative Example 1. The reaction results are shown in

25 Table 5. The yield of 2,3-epoxyhexane as the intended
epoxide compound was 50.3% and the yield of cyclohexene
oxide was 2.2%.
Comparative Examples 5 and 6




Si/Ti ratios which were the reciprocal nunber thereof 15 were 37, 44, 64,
124, and 240. The IR spectra of these sanples are shown in Fig. 9. As the
Ti cont erwowa®744encreased (i.e., as the Si/Ti ratio was decrdaskzad)s4 he
intensities or extent of the absorptior Bands of 930cm 1 and 1010cm 1 tend
to be increased. Accordingly, it was 20 found that these absorption bands
correlated with the Ti content contained in the titanosilicate. Exanple 8:
Preparation of |ayBReexa®eiapebatiope 2% tAnDSAIPLAS €5 cabal §syese

[ Preparation ﬁéribr&@MVéEQ& 25£hF d9fng lénoouet- E&péniﬂtaﬁasyﬁkeaEure
Chem cal Industries ? purity 98% was dis L
38, 4% UnaBe $Patk s

i on- exchangedC@EFéYsFOOB#%b%?é é% R’ P e sBRATP
E;Irrln?, 2d3ge@ﬁ1£§taabugub@ﬁéh@trann@tﬁ d(vHéI%¥e95benﬁd3 by Wako Pure
em cal. I ndustries Co., 30 . s.added to.this a us okytion
The resul tantP ﬂf%ﬁﬁ?@nﬁags ##?r%ﬂga%?eg eﬁ?ﬁﬁ?gsc?gp ﬁp & § %ronnte

t he hydrolyS|andfthEeymabdtgfocyhbohEaeaEepxadd Wher@aﬁ%er 109 of the

deboronat ed siLi G » ; nBoi@RLstbi gen of
0. 0017 obt ai nec EXATTD Was aoded T € ano e stirring was

conti nued for_ﬁQLQhéL_Eiﬂ__ﬁéELQ_to obtain a nlxture having a nole rati o of

1si &2 WO 03/074421FE§E/QEQ§é08%5ﬂWW t§? nggﬁolhigcaté sBbsta®Bebl20' This
m xture was transferred to a n- made aut ocl ave and

stirred%or 1§8VHBErQléfeéenFoﬁé{anrgbéEE'an4§8FpﬁF§F R2PBRpefst dfe of
175C. 5 AfterEestappeng bheepetabroadjtbelﬁgntﬁatammene teakedutgl 25C and

th lid d t f tent.s by filt hed
W th | on- exchBRGRE T TATAES - ThaDRaSA YL kaSEFBRBRE B UNErE L Haphior ko
washi ng wat er rbecaseod OrOQésso ohe, thuelébtalﬂéﬂ,sahddolooénodudttW@s
dried at a tegpoRatuce; gl Qﬁgeht%ﬁggv%ha BochBrBEEY huhBpaskhbeae

Ti-MNWN P) as a precursor f | ayered substance
had a 43 tani WeESi Bi7cod4mobar ﬁaﬂvoaéﬁ @4033 Zhe ARbEPEAESRI PEoffhese

samples are shown in Fig. 9. As the Ti content was

increased (i.e., as the Si/Ti ratio was decreased) the
intensities or extent of the absorption bands of 930cm™
and 1010cm™ tend to be increased. Accordingly, it was

20 found that these absorption bands correlated with the Ti
content contained in the titanosilicate.

Example 8: Preparation of laver-exfoliation type

titanosilicate catalyst-3
[Preparation of Ti-MWW (P)]

25 At 25°C, 14.5g of PI (mfd. by Wako Pure Chemical
Industries Co., Ltd., purity 98%) was dissolved in 30g of

ion-exchanged water to prepare an aqueous PI solution.
Under vigorous stirring, 2.3g of tetrabutylorthotitanate
(purity 95%, mfd. by Wako Pure Chemical Industries Co.,

30 Ltd.) was added to this agqueous PI solution. The
resultant mixture was stirred for 30 minutes to
completely promote the hydrolysis of
tetrabutylorthotitanate, and thereafter 10g of the
deboronated silicate B having a mole ratio of the

35 boron/silicon of 0.0017 obtained in Example 1 was added
thereto, and the stirring was continued for further two

hours to obtain a mixture having a mole ratio of 1-+5i0, :



nmol ar ratio of 0.0019. 15 [Modification of Ti-MW (P)] Wth respect to ig
of the obtained Ti-MMW (P) solid product, 20mL of nitric acid of 2nol/I
was addedwotob®744¢pl i d product was acid-treated at a tenperaruPres/afis4100C
for 18 hours. The thus acid-treated sanpl>® was poured 20 into an aqueous
sol ution which had been obtained by mxing 5.6g of hexadecyl trinethyl
brom de (purity 99% %y Aldrich Co.), 6.0g of tetrapropyl amoni um
hydr oxi de (puPr9§82%l@®b ar Blqueds BBrution nfd. by Tokyo Kasei Co.), and

12g of ion- exchangfmdly,vam@ktufaew@h 2bankféhecdessl hanboshl-vylume 12. 0. The
slurry was heat OC and left standing for .16 rs, Then he
suspensi on mage?fgﬁ ?naﬁ Oﬁﬁ?Y%s%ﬂgcsktgﬁagaFPﬁnngegPEESaPtS OW 35kHz
for one hour, raﬂdtuodeSpeedroEngo npmr at actdmpératnvblbfmé§5a§ded t hereto
until the pH 30, Pegégﬁpﬁnﬁdtb tI@Eo é Egﬁf BhLeA t§ﬁ§e9@'E86&@Q By

centrifugal separa product was washed wth
i on- exchanged2ﬁa€eﬂndThh§ ﬁaéhﬁngr@é§cﬁeﬁé§téGPaEﬁF?ﬂ £HeMpENEf the rinse

wat er becane 9oRfche8Spy TRE132athHA aﬁaawagﬁleaotzh@hp&@@lugkcwa&géal ed at a
tenperature of 80C, and then,calcined at a te of 6% g& Wth
4

respect to ig¥etefhe &bEal’REA1BEI VaSpreaaatedsy Fi ft 8 6
PCT/ JP03/ 02154¢ashih§ whkkki bedamd 9of obndksk. WaS‘hadﬁihdst betetiaedo sadiid t r eat

th | jd duct at t t f _100C, f f h d

troatmk . {nB-BOFFE BRCaRRER gL i FPPAEFON Aas CCarsl Fed o8t X Pafiper at r e
of 600C for t @aybrbdutstafbe idtkeateatieMufi ( Pntamlan@aebmcswroﬁomhﬁ§

nodi fi ed Iaye&%g §§§%t?g%§ ;yas 0T3§é 1£9§ré8ng%%%%5% Of alghe thus obt ai ned
nodi fied |ayered

ance€ 1 s shown yered substance
provi des a di titasthadspaticennmelai| getio pﬁatO 9(33ofanrdv\w pprenssdiliicen

subst ance, ang.theretere bg wagofheund that this substance maintains a
structure simlar to MWW type structure In addition, IR absorbance
spect r um of ﬂNP§l§&S§Féﬁ@e°¢sT§h3WW i(R)Big. 11, and the first and

With respect to lg of the obtained Ti-MWW (P) solid
product, 20ml of nitric acid of 2mol/l was added, the
solid product was acid-treated at a temperature of 100°C
for 18 hours. The thus acid-treated sample was poured

20 into an aqueous solution which had been obtained by
mixing 5.6g of hexadecyl trimethyl bromide (purity 99%,
mfd. by Aldrich Co.), 6.0g of tetrapropyl ammonium
hydroxide (purity 22.5%, an aqueous solution mfd. by
Tokyo Kasei Co.), and 1l2g of ion-exchanged water. The pH

25 of the resultant slurry was 12.0. The slurry was heated
to 80°C and left standing for 16 hours. Then, the
suspension was treated in an ultrasonic irradiation
device at 300W, 35kHz for one hour, and under stirring,
nitric acid of 2 mol/l was added thereto until the pH

30 became 2 or less.

The solid content was collected by centrifugal
separation, and further, the solid product was washed
with ion-exchanged water. This washing was repeated
until the pH of the rinse water became 9 or less. The

35 thus obtained solid product was dried at a temperature of
80°Cc, and then calcined at a temperature of 600°C. With
respect to 1lg of the obtained solid product, 30ml of



second differential spectra thereof are respectively 15 shown in Figs. 12
and 13. Although it not clear, the curve of the second differential

spect rumwD oBiogta2113 crosses the zero point of the ordi naPeTaRIxR02i5 t he
nei ghbor hood of at 930cnil, and there is sglocal mninmum value in the

nei ghbor hood of 930cm 1. Accordingly, it 20 was found that this substance
had an absorption band having the maxi num val ue in the nei ghborhood of
930cml, as aithdcacicdd sifi 6mofl /{lherasr esided ithegetticoto Beddpiteegt the
Preparation %foll'%\[’%rr'o%fc%: 1,3t 1,00 4 YRe - tidargsijlgeat &zata) Wurk .25 A
nodi fi ed Iayered‘ rtanosilicate catalyst was_obtained in the same manner
as in Exanpl @f8erexdeptactiidatt rephasntradibgt ised i6f ARtaiaeshi?y waves and pH

adj ust ment  wene et HORMCIed c iHaR bid anidemuidan B 60d Eaf ddi s
nodi fied 30 |ayered substance was sane procedure

0. 026. EX%&BIQ .10-12'ﬂg§l

was repeat ed i tshe Fdife Medtn & t1gs 9fn LR @,lié)?é’ébtc’f[h "10ng of each
of titanosi ljalf catialywstedl ehivdtetd waxanmxes. 1, 8 and 9 35 was used,
and 0.84g (10mmol) _ of 1- hexene was ed.. .The bt.aj tdpn results
are in Table 6. THE'S/i% pcf’f)SC SHe qfntuc d&dH e é)-bgcpaol@yélﬁg&%cﬁlgﬁms
respectivel y 128:63%d W33/ 0104 2 I%(EHWIPOBY G24p4 10. SFhJﬁL:mﬂ}e%ﬁfﬂ 24.8% In
addi tion, t he, bty overpoupbers { TOM el chyhash bean, obirei ned by g di ng
the mol number” "ot the product by the not nunber of Ti, was respe tlwgly
9341l fot - Tief 1800MwPersiedlita i Basmel nndi thegs fay o7y Jae toun
PCT/ JP03/ 021545158 hit hibstdhdd ImdRAB N Vs M YstrudW & s an tdHmm= O 1
WONWNNU d 0b ri w L

type structure. In addition, IR absorbance spectrum of

this substance is shown in Fig. 11, and the first and

second differential spectra thereof are respectively

15 shown in Figs. 12 and 13. Although it not clear, the

curve of the second differential spectrum of Fig. 13

crosses the zero point of the ordinate axis in the

neighborhood of at 930cm™, and there is a local minimum

value in the neighborhood of 930cm™. Accordingly, it

20 was found that this substance had an absorption band

having the maximum value in the neighborhood of 930cm™,

as a characteristic of the present invention.

Example 9: Preparation of layer-exfoliation type

titanosilicate catalyst 4
25 A modified layered titanosilicate catalyst was

obtained in the same manner as in Example 8, except that
the irradiation of ultrasonic waves and pH adjustment
were not conducted.
The titanium/silicon mole ratio of this modified
30 layered substance was 0.026.
Examples 10-12

The same procedure was repeated in the same manner
as in Example 5, except that 10mg of each of
titanosilicate catalysts obtained in Examples 1, 8 and 9

35 was used, and 0.84g (10mmol) of 1- hexene was used. The
obtained reaction results are in Table 6. The yield of
the intended 1,2-epoxy hexane was respectively 29.3%,
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25mg of each of the titanosilicate catalysts obtained in Exanples 1, 8 and
9 was used, and 0.34g (5mvol) of cyclopentene, 3.9g (5m ) of acetonitrile,
and 0. 55gwofo3@8042mass % (in terns of hydrogen peroxide, S5mwcolIposvens used;
15 and the reaction was started when thespenperature of the reaction

m xture reached 37C in a water bath of 40C. The thus obtained reaction
results are shown in Table 6. Conparative Exanple 8 The procedure Exanpl es
13 was repeat@Gonmxceptve HEtam@Ple the Conparative catal yst-2, M-I type

titanosilicate \ e 5@29@ Eﬁ%ﬁp e he

t hus obt ai ned reagiﬁgnséeé%ﬁ€%gé$% %% |Hﬁ%£%%% el %gge 6- ?%aﬁhe
procedure of 2ath of ER@n@¢@Qan£tnmew%%tabﬁé%ié@FIZEY@&CEgga@%%%lBCB§§
(5mmol ) of cy, i%?%$§@eob€a§ﬂb&d9@1éoﬁ§aré¥¥%é”ﬁﬁém Ee @naaQ #5840f aRQ@ mass

% (in termns o wer e use he thus o takned

en per oxl

reacti of resu?té %r@gshov\hei‘%nqatﬁ’@“‘@l) Cotp2d af 7k E‘R%n%?%t@né T¥hE
prochurezofwé%gn@l@5&603a§0rﬁgggtgd(g%o@@ﬁméh@i hy@fogbﬂppeabxyée,

cat al yst e titanosilic cat al yst. obt al ned [

Exanpl e 2 was® %@%ﬁ WRES RS oﬁf%?n u?e%%%?b%e e5TTTET ?ggggg&ﬁgiﬁg$able
6. Exanples dRewd 3h Tapleroecedure of each of Exanples 10-12 was repeated
except that 0E§2 é ? ! E) of cycl ododecen, and 0.275g of 30 mass % of
hydr ogen peroxr%%g%rﬂ—ggins of hydrogen WD 03/ 074421 PCT/ JP03/02154 - 60
per oxi dé, 2. 5mol ) Ther praceduraheft Ryampbe al fedas etePrakhedr B¥GPPS &PETshown

in Table 6. C?ﬁﬂaﬁrék' &ch;rx@?pl:ﬁe191@3@09&9$8§‘éé309fza5§§€§| ebilives repeat ed
except that ggaratlve cat al yst - 2, e tlhano il ate

catal yst obt aEH@BPLASCompar aRFAVE ERENPFEd2 @Bg 95369 T Hug obt ai ned
reaction resub&él@@én%@ﬁéﬂ Bn9§abbﬁ1§ of Exaepbai2RildheaMAMLBpg of 30

titanosilicate catglyst 1 (10mg) 10.08tained |n;Example 1 wes charged in a
15 and the reaction was started when the temperature of the
reaction mixture reached 37°C in a water bath of 40°C.
The thus obtained reaction results are shown in Table 6.

Comparative Example 8

The procedure Examples 13 was repeated except that
20 the Comparative catalyst-2, MFI type titanosilicate
catalyst obtained in Comparative Example 2 was used. The
thus obtained reaction results are shown in Table 6.
Examples 16-18
The procedure of each of Examples 10-12 was repeated
25 except that 0.55g (5mmol) of cyclooctene, 7.8g (10ml) of
acetonitrile, and 0.55g of 30 mass % (in terms of

hydrogen peroxide, 5mmol) were used. The thus obtained
reaction results are shown in Table 6.
Comparative Example 9

30 The procedure of Example 16 was repeated except that
the Comparative catalyst-2, MFI type titanosilicate
catalyst obtained in Comparative Example 2 was used. The
thus obtained reaction results are shown in Table 6.
Examples 19-21

35 The procedure of each of Examples 10-12 was repeated
except that 0.42g (2.5mmol) of cyclododecen, and 0.275g
of 30 mass % of hydrogen peroxide (in terms of hydrogeﬁ




equi pped with a magnetic stirrer, and 7.8g (10m ) of acetonitrile, 1.1g of
30 w. % of aqueous hydrogen peroxide solution (in ternms of hydrogen
per oxi de,wo®ai74301 ) were added thereto. After the resultaRrCTrIee2dN 15
system was cool ed, the air in the autocl gge -was evacuated w th vacuum
punp. Then, under stirring with the magnetic stirrer, the autoclave was
heated in a water bath of 40C, and propyl ene was supplied to the autocl ave
by connecti ngetbeidai ozl smeobi t here puopgl enthgasheyl ondeingd sgarcpped with
a pressure contro r _and inte ressure in the autoclave was
mai nt ai ned atr8§52k§a§ %h%ﬁgﬁgu%ﬁa ?gi? ?he supply of propyl ene gas was
st opped, the Cgmpenatipeolyamp Lhe autocl ave was trapped by bubbling the
gaseous product in t QRi £ L] a n SHgRBRSI @RakN
aut ocl ave was addea gog%ﬁ?édggg 8?i%%%%Sl?oﬁgoﬁggcfgg?ﬁggg Ehg groduct.
Then, tHe catéh?s@omﬁéra§éharﬁﬁgalb§tazceHFFiFM@SItéEﬁgPﬁﬁﬂbﬁaBEVice, and
the concentrakbignyet gpganheqsyhstengesativéhexbiipseobt ahpedsetdeacthen
| i quid was anal yzed b ,gas chromat ogr a Furt her,

8gEh:

h 30 .th& nc%ntration of
t he unreact edtRyar Eérﬁ??ﬂ&lﬁﬁsragFiFﬁiﬁﬁa B °BBtéﬂt'8§gFrld titration
using Ce (I Vkgahplwag2ftound that 6.00mml of propylene glycol and
0. 003mmol of propylene i de_were 5 n ehkectizviti es thereof
were respectively 55?9%/65%896.Bé&gﬁggyﬁggaégiEF%E?Yfﬁ gdgﬁpﬁga, t he
conversidn of obydiogdninp&resipde Wawag7cheygaddinhe éPmilcraneylavet he
hydrogen  per gl e uas . 35n1% 0034074422 BCT/ 4RA3/08154 1 0m11 o

np 1 dinth

Conpar ative EX 11 Propyl ené was oxidize € sanme nmanner as in
Exanpl e 22 wagcespadtedlexceptidt Rat 30hWtednpar A81eEUSC AYSPIEM obt ai ned i n

Cbﬁgaratgveo %@Bk@ﬁé ?%&u%%%ﬁ-(@n'%e%ﬁ? beungdir anp@%@&gheﬁflmmopylene
oxi de an : mmol of propyl ene gl yco re produced, and _the. .
selectivities“Fﬁér@@FewépéepeggégFi erAég%§ Qg n&S6 250 Y K85 EH n, in
addi ti ons t he sg@redr siagn cob lleddr egen aiperoxitde wasotd ad% warsd efeeuated
efficiency Ofw&@% Q%%E% e%un%Q p%@%ﬁud%n%%§ @%i?%ﬁng with the magnetic
stirrer, the autoclave was heated in a water bath of

40°c, and propylene was supplied to the autoclave by
connecting the autoclave with a propylene gas cylinder

20 equipped with a pressure controller and the internal
pressure in the autoclave was maintained at 0.25MPa. One
hour after, the supply of propylene gas was stopped, the
gaseous product in the autoclave was trapped by bubbling
the gaseous product in 10 ml of acetonitrile, and then

25 the suspension in autoclave was added to this trap liquid
to collect all of the product. Then, the catalyst was
separated by a centrifugal separation device, and the
concentration of organic substances in the thus obtained
reaction liquid was analyzed by gas chromatography.

30 Further, the concentration of the unreacted hydrogen
peroxide was determined by potentiometric titration using
Ce (IV). It was found that 6.00mmol of propylene glycol
and 0.003mmol of propylene oxide were produced, and the
selectivities thereof were respectively 99.95% and 0.05%.

35 In addition, in addition, the conversion of hydrogen
peroxide was 67.4%, and the efficiency of the hydrogen

peroxide was 85.1%.



Conpar ati ve Exanple 12 Propyl ene was oxidized in the same manner as in
Exanpl e 22 was repeated except that the Conparative catalyst-2 obtained in
Conpar at iwe oBxanpl e 2 was used. 15 It was found that 0.32mecoliPadozpsopyl ene
oxi de and 0.004mmol of propyl ene glycal gyece produced, and the
selectivities thereof were respectively 98.7 %and 1.3% In addition, in
addition, the conversion of hydrogen peroxide was 8.3% and the efficiency
of the hydrog%mpﬁﬁhWe@Xﬁ:ﬂanm BO.6% Industrial Applicability As

described in the f ppar.ent silicate
catal yst of the pr}g%%%f n?ijéwlzer%%?rggterg %arﬁ)garﬁ##§ol+§o\?ﬁg
corrp;)S| ti onal Exdmop el 22 (Was a,mpemlaﬂcacemesz*edtw ttiee | GeRRRBILEBS or pt i on
spectrum neas t he t %r‘é t an
absorption bd%%€%%%5t Pa?re?%?%@éfﬁkgﬁﬁﬁj ue atlgggl%sgﬁf fgé%bserved
is a veby usefulwag %@m@ﬁthatcﬁ e h Q%éP%QEK&%E?O%Xb@eaﬁnQX|dlzed

conpound of 0 @xi ghai v t
Compost 11 onal ot e D B rai ok Lo o 50001 10

f
0.2). It is a?%%e%?%%%t%ﬁ%tt%%E%Q i ¥ ?cF??EF?ﬁBW%§¥ %ﬂ gp%g%%égggg f he
titanosilicatencadal¥sénpf ipr €s@ntiND, O8hd 7ddixie PET6d POS/ Bgdbdgen 62

i nvention, a high-performan itan lica catal yst-c pned with
good efflC|en8§9°W§§%3W5§4ﬁ§16%Cﬁ?@%O%?%Zﬁ%ﬁlCle é %fA?ﬁ% 9§§9§§§h
titanogio i catperepiésented6by5the following conmpositional fornmula (1),
wherein in thg |n££ £§ge ggg pLi pn spectrum neasured in the dehydrated
state, the 5 a%ngpgTUﬂ—SpEC@éUﬂT%a an absorption band having a relative
maxi mum val ue at QBOQEYéﬁﬂﬁ.Wéﬁnﬁééﬁ%?@ﬁa%nFégﬁuﬁém€1¥anner as in

Example 22 was repeated except that the Comparative

catalyst-2 obtained in Comparative Example 2 was used.
15 It was found that 0.32mmol of propylene oxide and
0.004mmol of propylene glycol were produced, and the
selectivities thereof were respectively 98.7 % and 1.3%.
In addition, in addition, the conversion of hydrogen
peroxide was 8.3%, and the efficiency of the hydrogen

20 peroxide was 39.6%.

Industrial Applicability
As described in the foregoing pages, it is apparent
that the titanosilicate catalyst of the present
25 invention, represented by the following compositional
formula (I) and characterized by the infrared absorption
spectrum measured in the dehydrated state, where on the
spectrum, an absorption band having a relative maximum
value at 930%15 cm™ is observed, is a very useful
30 catalyst for use in the production of an oxidized
compound of an oxide compound using a peroxide as the
oxidizing agent.
Compositional Formula (1)
xTi0,* (1-x)S1i0,
35 (wherein x is from 0.0001 to 0.2).
It is also clear that according to the production

process of the titanosilicate catalyst of present



xTi 02 (1-x) S102 (wherein x is fromO0.0001 to 0.2). 10 2. The
titanosilicate according to claiml1l, wherein in the infrared absorption
spectrumwpasir4ad in the dehydrated state, the greatest walrueoi/ioriishe
region of 900-950 cm 1 of the absorptiog,spectrumis present in the
region of 93015 cm 1. 15 3. The titanosilicate according to claim 2,
wherein in the infrared absorption spectrum neasured in the dehydrated
state, the grigat@astiorgl ue HigH-heerfegmemaed ti900d@S0 ioratle ofatdiky sthsoapt i on
spectrumis present_Jin the .region of..93010 cm 1. 20 4. The titanosilicate
accor di ng topbfnfe%q"r?e“b%é v i réoﬂd]fgfv%celreé}c in the infrared absorption
spectrum neasured in the dehydrated state, the absorption spectrum has an
absorption band having a relative nmaxi numvalue at 101015 cm1 in addition
to 93015 cm1. 25 5. The titanosilicate according to any one of clains
1-4, wherein in the infrared absorption spectrum neasured in the
dehydrated state, the absorption spectrum has an absorption band having a
rel ati ve maxi mum value at 86515 cm' in addition to 93015 cm1. 30 6. The
titanosilicate according to any one of clainms 1-5, which is a crystalline
titanosilicate having a structure code MAW characterized by the powder
X-ray diffraction pattern shown in Table 7: WO 03/074421 PCT/JP03/02154 -
64 [Table 7] Table 7: Powder X-Ray Diffraction Lines provided by MW
Structure Relative Intensity d/A (s: strong, m nmedium w weak) 12.30.6 s
11.00.6 s 8.80.5s 6.20.4 m 5.50.3 w 3.90.2 m



3.70.2 w 3.40.2 s 5 (in the above Table, "d/ A" neans that the unit of the
| attice spacing d is Angstrom) 7. The titanosilicate according to any one
of cl ai w0 08074421 wherein x is from0.001 to 0.2. 8. A pr@cegdeodans4
producing the titanosilicate 10 describgd iLn any one of clainms 1 to 7,
conprising the following first to fourth steps: First Step: a step of
heating a m xture containing a tenplate conpound, a boron-containing
conpound, a 15 S|I|con cont ai ni ng conpgaadMsnd water to obtain a precursor

(A); Second Step: steg ggtgﬁogl r?@%é“Q%QPféQEEQﬁréch@éQfoP?&@iHEd in

the first step; 20 Thir treated
precur sor (AQCQMPaﬁnEdom@ltﬁerm@b@ndlEte%h@D@émhb@ thehinfraF@ure

containing a £§§B£§%r01? OBBOUDLn Aty SLH, COR 10496 08R0VA N dckat er

to obtain a precur Fourth Step: a step.of calcining the
precur sér (B)aWEDOB¢97n4§He¢tHw@ﬁ@@$OQQSQbSOrBBlOBb?%PﬁeHthngh@ third step

to obtain therfihanpsl hhgdhem vgluahﬁtp99@e§§ &qr :producing the
titanosilicate according to ¢la éihe following first-2 step

i s performed between th%OmP?§%t§?%%§aﬁﬂr?% ond step 5 and the substance
obtained in the first-2xsiep (is-#)sxi, i nstead of the precursor (A) in the
o cur sor (A) (BBFEFAAaT ot Feofi 15000t epo 1010, "he process for pr oduci ng
t he titl@nosilicate2.accOhdi hjtanosihioaBeoncoordhngetn chaimollow ng
third-2 step,} s, Behf QL MEdePeLYREDENELEBLEE 1 8heRpRRE rhhenbaYtLBd in
the dehydrated state, the greatest value in the region of
900-950 cm™ of the absorption spectrum is present in the
region of 930%15 cm™
15 3. The titanosilicate according to claim 2,
wherein in the infrared absorption spectrum measured in
the dehydrated state, the greatest value in the region of
900-950 cm™ of the absorption spectrum is present in the
region of 930%10 cm™
20 4, The titanosilicate according to any one of
claims 1-3, wherein in the infrared absorption spectrum
measured in the dehydrated state, the absorption spectrum
has an absorption band having a relative maximum value at
1010£15 cm™ in addition to 930%15 cm™
25 5. The titanosilicate according to any one of
claims 1-4, wherein in the infrared absorption spectrum
measured in the dehydrated state, the absorption spectrum
has an absorption band having a relative maximum value at
86515 cm™ in addition to 930%15 cm™
30 6. The titanosilicate according to any one of
claims 1-5, which is a crystalline titanosilicate having
a structure code MWW characterized by the powder X-ray

diffraction pattern shown in Table 7:



step and the substance obtained in the third-2 step is used instead of the
precursor (B) in the fourth step: 15 Third-2 Step: a step of acid-treating
a part orwenioreaaey of the precursor (B) obtained in the Phirodoxiep. 11.
The process for producing the titanosilicgfe according to any one of
clainms 8-10, wherein the 20 followng third-3 step is perforned between the
third step or third-2 step, and the fourth step, and the substance

obtai ned in theabhierdq3 step is used instead of the precursor (B) in the

fourth step: Third; tep: 2 ep_qf heati p sak-oBhegoBtai ned
inthe third step,T§P§Fh2‘ac?8%9§%agega rggégggfkq?g)igéggiﬁeg |nethe51a
third-2 step, in the presenc¥Wof Saruswalei ng agent so as to swell the

| ayered precursor, to thereby @%ﬁiﬁﬁ§é“iﬁﬁéﬂ§iﬁy t he superposition

thereof. 30 12. The process for producing the titanosilicate according to
any one of cl&i/As 8 to 11, wher el tHeror@nmplateedpolnd T22k)

ni t r ogen- cont gipnisag .gonpound. 13, The process for producing the
titanosilicate according to claim12, wherein the nitrogen-containing 35
conpound is aritn@*4nd/ or “quat er rary anmoni um conpound. 14. The process for
produci ng t he gzgealji.5e substance gsaccording to claim 12, wherein the

ni trogen-cont igL§g4MD 03/ 074421 PCT/JP03/ 02154 66 conpound is at | east
one nenber seléfted fromthe grd&p consi sting of piperidine,
hexanet hyl enei5m5e® .8nd a m xture thereof. 15. The process for producing
the titanosilicatg ,5 according to any one of claims 8 to 14, wherein the
boron-contai ning conpound is at |east one nenber selected fromthe group
consi sting of 3dd0c 2aci d, borate¥ boron oxide, boron halide and

trial kyl boronsy. 416, 2The process §or producing the titanosilicate 10
according to any one of clains 8 to 15, wherein the silicon-containing
conpound is at |east one nenber selected fromthe group consisting of
silicic gcid, (in the above Table, "d/A" means that the unit of the

lattice spacing d is Angstrom.)
7. The titanosilicate according to any one of
claim 1 to 7, wherein x is from 0.001 to 0.2.
8. A process for producing the titanosilicate
10 described in any one of claims 1 to 7, comprising the
following first to fourth steps:
First Step:
a step of heating a mixture containing a
template compound, a boron-containing compound, a
15 silicon-containing compound and water to obtain a
precursor (A);
Second Step:
a step of acid-treating the precursor (A)
obtained in the first step;
20 Third Step:
a step of heating the acid-treated
precursor (A) obtained in the second step together with a
mixture containing a template compound, a titanium-
containing compound and water to obtain a precursor (B);
25 and
Fourth Step:
a step of calcining the precursor (B)



silicate, silicon oxide, silicon halide, funed silicas, tetraal kyl
orthosilicates and colloidal silica. 15 17. The process for producing the
titanosi IwoaB@744according to any one of clainms 8 to 16, wrerapeos/a2hst rati o
of boron to silicon in the mxture at thgsfirst step is, in ternms of the
nolar ratio, boron : silicon = 0.01 to 10 . 1. 20 18. The process for
producing the titanosilicate according to any one of clains 8 to 17,
wherein the rebtained lorohe tthsidisorp ito tdletamixtune attahesilicdtstep is,

interms of the mobar ralda, pOron fos! Li&@ng: O (0idlnosilicbeld. The
process for producing the t??an05|llcat according to ané_ong of clains 8
to 18, whereiacedredingito olaimt®r weeselncohei fiol hewhidt GEEShr2t RECP r st

step is, inierus p hbe POLALA AL FYBLLTsteS 4h&0PNE 8e£6nd08ted. 30
20. The process Tor producing t%e titanosilicate, according to any one of
clainms & to 130dvke? es WP HRNGAIPRE2BRCE ehD| BRe ELRPBUAISEBPsEFi B8R n the

mxture at thensfbistost €Rel Srediir§6F MpaPf ihhehavk8tonat E@eptenpl ate
conmpound : silicon = 0.1, to : 1. 35 21. The process for producing the
titanosilicate accordihYFEb anyt8Re of clains 8 to 19, wherein the
heating tenperature in the farstestep' ¢tsléinimgle perwWo03,0%442ty of

PCT/ JP03/ 02154, -_67_...200C. 2...T 0¢es OL . ducing the
titanosilicat%heaB oFar art8Agn9bB%§n§% gﬁa?%% glP%QZg?E ‘erein the acid
used fdi0 the aci d-1¢eatfeatpracese eropdoduepngsthesthatappeladrater a

sul furic acid 1 o feroprodugingetRechibt @B93bl/iagt @nigecor di ng
to any one ofa% gf%%H§ ?é ggéﬁﬂhgrg?ngfﬁg hgating tenperatu?e iﬁ the third
step is from stept s pepEeraedoketypenptbeeshirgr SprBdaRENGREHEOUTtD

titanosilicatgregCeRadLAE 5@bARYnEBEoBEathalmEn8the 28iraher eicept He
calcination tenper ol U ot ok "EntohrbduRbeR (8) 1AM A2 biren step:

15 Third-2 Step:

a step of acid-treating a part or entirety
of the precursor (B) obtained in the third stép.
11. The process for producing the titanosilicate
according to any one of claims 8-10, wherein the

20 following third-3 step is performed between the third
step or third-2 step, and the fourth step, and the
substance obtained in the third-3 step is used instead of
the precursor (B) in the fourth step:

Third-3 Step:

25 a step of heating the precursor (B)
obtained in the third step, or the acid-treated precursor
(B) obtained in the third-2 step, in the presence of a
swelling agent so as to swell the layered precursor, to
thereby modify the state of the superposition thereof.

30 12. The process for producing the titanosilicate
according to any one of claims 8 to 11, wherein the
template compound is a nitrogen-containing compound.

13. The process for producing the titanosilicate
according to claim 12, wherein the nitrogen-containing

35 compound is amine and/or quaternary ammonium compound.

14. The process for producing the zeolite substance

according to claim 12, wherein the nitrogen-containing



700C. 25. The process for producing the titanosilicate 15 according to any
one of clains 9 to 24, wherein the calcination tenperature in the first-2
step is fwomsA0Q@21to 700C. 26. The process for produci ng PheJPivandssi|icate
according to any one of clains 8 to 25_ vyfierein in the 20 third step, the
acid-treated precursor (A) obtained in the second step and the m xture
containing a tenplate conpound, a titaniumcontaining conpound and wat er
are previoustympourd asdathesabeabad. m@Mbefheepeoteds firom phedysiong t he

titanosilicate 25 accordi.ng.to_any_one, of _cl ai .0 .26, erein in the
third step, t88“3&FgéPﬁeaﬁeng?£&§¥88f pgyaﬁg%byegﬁgéﬁgég gﬂgrf gel met hod
such that a nmmxktmeecobheaenifng the acid- treated precursor (A) obtained in

the second step. ajsti!anLum:cegtai BbadocquReyAd 2Ad ¢QkehnoRnd datlet ure 30

containing a tenplate conpo water are c %ed separately, the vapor
of the contai AFAgrdinenpPacey esapeindlanBswdt &P it4 cHiSEG 1o Hnt act the

m xture contgabRbAgcbReathtial BBheehal AkNE+COBRAYNn@NehetR radicd dotral ed
precursor (A). 35 Zﬁ. A process tor,grod chng.an oxidiﬁgp conp und,
conpri si ng peffFBPntRG 9ROBRI GPFOA LS PE 0RO CaACd gahtE @ @bngﬁﬁﬁﬁlusing
t he oxi di zi ngoagent, bbrbhehpleseneadotrtiheékWboaoné4421 PCT/ JP03/ 02154 -
68 titanosilicate,described_in any_ane_of .clains tQ.7. - rocess
for produci ng an o%gdiz@hecgﬁﬁgﬁﬁa f§508F8PH§ng g gi%ﬁ% Péﬁ%ﬁé§%$%%e
oxi di ziny agemtcbsdiogygenaoy peeoxifdelasn308 The 1prowdesefior reoduci ng an
oxi di zed comayndeopcenrding.tg eLabmA% 1WhakenB e her quiie s at |east
€ e hydr

one conpound sélected from group consisting o .ogen per oxi de,
tert-butyl hyeedpetedi doom dhe- gmplup kpasdpeiog @, sddmsi€ Rfdrbper oxi de,

ethyl benzene 101hydr@pes@yiiden exg@nexyh ibwdr apane deuneRt s ey phexyl
hydr oper oxi de, tetralin hydroperaoxide, isobutyl benzene  hydroperoxide,
et hyl napht hal é8&TR¢dKIpePEEN@S ldagates and colloidal silica.

15 17. The process for producing the titanosilicate
according to any one of claims 8 to 16, wherein the ratio
of boron to silicon in the mixture at the first step is,
in terms of the molar ratio, boron : silicon = 0.01 to 10

1.

20 18. The process for producing the titanosilicate
according to any one of claims 8 to 17, wherein the ratio
of boron to silicon in the mixture at the first step is,
in terms of the molar ratio, boron : silicon = 0.05 to 10

1.

25 19. The process for producing the titanosilicate
according to any one of claims 8 to 18, wherein the ratio
of water to silicon in the mixture at the first step is,
in terms of the molar ratio: water : silicon = 5 to 200
1.

30 20. The process for producing the titanosilicate
according to any one of claims 8 to 19, wherein the ratio
of template compound to silicon in the mixture at the
first step is, in terms of the molar ratio, template
compound : silicon = 0.1 to 5 : 1.

35 21. The process for producing the titanosilicate
according to any one of claims 8 to 19, wherein the

heating temperature in the first step is from 110 to



peracetic acid. 31. The process for producing an oxidi zed conpound 15
according to any one of clains 26 to 30, wherein the oxidation reaction is
per f or redwpD3pha2pr esence of at | east one sol vent sel ect @dTiIip@n2ifie group
consi sting of alcohols, ketones, nitrilg and water. 32. The process for
producing an oxidi zed conpound 20 according to any one of clainms 26 to 32
wherein the oxidation reaction of an organic conpound is an oxidation
reaction of ayg@rdon-carbon doubl e bond. 33. The process for producing an
oxi di zed conpound ccord| to any.one of .clains 26 to 3 t he 25
oxi dation reacti orf f é%h%rgﬁ AFRSToh PO RIPIECHN %x?ﬁ%?%%%fygégﬁgon or

di ol ati on rea&)¢¢@1"dll3<§1 tJhenprocesst fotajmoRicim@ @n wxédeézrdtenpoidd

according t0 iy, 0fg: Ofn ! ALIB_ 201l Wherl nsdhisna oxtdgtLgnareaction of
an organic compoun an anmoXxI A
5 nitric acid or a sulfuric ac1d

23. The process for producing the titanosilicate
according to any one of claims 8 to 22, wherein the
heating temperature in the third step is from 110 to
200°cC.

10 24. The process for producing the titanosilicate
according to any one of claims 8 to 23, wherein the
calcination temperature in the fourth step is from 200 to
700°C.

25. The process for producing the titanosilicate

15 according to any one of claims 9 to 24, wherein the
calcination temperature in the first-2 step is from 200
to 700°C.

26. The process for producing the titanosilicate
according to any one of claims 8 to 25, wherein in the

20 third step, the acid-treated precursor (A) obtained in
the second step and the mixture containing a template
compound, a titanium-containing compound and water are
previously mixed and then heated.

27. The process for producing the titanosilicate

25 according to any one of claims 8 to 26, wherein in the
third step, the acid-treated precursor (A) is treated by
a dry gel method such that a mixture containing the acid-
treated precursor (A) obtained in the second step, a
titanium-containing compound and water and a mixture

30 containing a template compound and water are charged
separately, the vapor of the containing a template
compound and water is caused to contact the mixture
containing the titanium-containing compound and the acid-
treated precursor (A).

35 28. A process for producing an oxidized compound,
comprising performing an oxidation reaction of an organic

compound using the oxidizing agent in the presence of the



10

15

20

25

30

WO 03/074421 PCT/JP03/02154

- 68 -

titanosilicate described in any one of claims 1 to 7.

29. The process for producing an oxidized compound
according to claim 28, wherein the oxidizing agent is
oxygen or peroxide.

30. The process for producing an oxidized compound
according to claim 29, wherein the peroxide is at least
one compound selected from the group consisting of
hydrogen peroxide, tert-butyl hydroperoxide, tert-amyl
hydroperoxide, cumene hydroperoxide, ethylbenzene
hydroperoxide, cyclohexyl hydroperoxide, methylcyclohexyl
hydroperoxide, tetralin hydroperoxide, isobutylbenzene
hydroperoxide, ethylnaphthalene hydroperoxide and
peracetic acid.

31. The process for producing an oxidized compound
according to any one of claims 26 to 30, wherein the
oxidation reaction is performed in the presence of at
least one solvent selected from the group consisting of
alcohols, ketones, nitriles and water.

32. The process for producing an oxidized compound
according to any one of claims 26 to 32 wherein the
oxidation reaction of an organic compound is an oxidation
reaction of a carbon-carbon double bond.

33. The process for producing an oxidized compound
according to any one of claims 26 to 32, wherein the
oxidation reaction of an organic compound is an
epoxidation reaction or a diolation reaction.

34. The process for producing an oxidized compound
according to any one of claims 26 to 31, wherein the
oxidation reaction of an organic compound is an

ammoximation.



